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The Future of the Aluminium 
Industry 


By A Special Contributor 
UCH has been written concerning the future 
M prospects of aluminium industry, including the 
wrought aluminium alloy trades and the rollers 
of pure aluminium for hollow-ware and foil as well as the 
primary metal producers. 

The possibilities of the metal are enormous, par- 
ticularly in the construction of all types of transport 
vehicles ranging from milk trollies to transatlantic liners: 
In this field the future of aluminium alloys is assured 
by their combination of strength and lightness. 

During the war aluminium has been reserved for air- 
craft construction, and there has been little opportunity 
for the study of problems associated with the develop- 
ment of new uses for the metal. Nevertheless, some 
progress has been made since the outbreak of war, 
particularly in connection with welding, scrap recovery 
and anodic oxidation. Many of the difficulties previously 
experienced with the welding of aluminium alloys in 
various forms have been overcome and the proper 
utilisation of scrap is now generally understood. Hither- 
to scrap was treated with an ostrich-like aversion in the 
hope of its disappearance from the market in the form 
of low-grade casting alloys contaminated beyond the 
scope of any specification. There has recently also been 
a marked degree of standardisation of anodic oxidation 
practice which, earlier, had been distinguished more by 
the diversity of the claims in the hundred and forty-five 
British patents relating to the process, than by the 
uniformity of the results cbtained by different operators. 
These advances are all of the utmost importance in 
helping to extend the use of aluminium, but by far the 
greatest impetus to its more general use in industrial 
applications and decorative art will undoubtedly be 
given by the enormously increased familiarity with the 
physical and mechanical properties of the metal and its 
alloys forced upon a great variety of manufacturers by 
the war demands of aircraft constructors. 

It might seem, then, that during the period imme- 
diately following the.cessation of hostilities the prosperity 
of the aluminium and aluminium alloy industries and the 
thousands of their employees is already assured. Unfor- 
tunately, this is very far from being the case. 

_ Lord Woolton has enjoined the leaders in every field of 
industry in this country to 
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pressed their interest in light metals. Some are anxious to 
incorporate aluminium alloys in their designs now. The 
insurmountable obstacle encountered by each of these 
potential users is the absence of any indication as to the 
price they will have to pay for aluminium alloy semi- 
finished products after the war. The continued absence 
of guidance in this direction is doing the industry asa 
whole incaiculable harm. Present prices admittedly are 
not competitive with those of other structural materials 
and it is felt that the tremendous increase in produc- 
tion must have resulted in considerable reductions in 
cost. These, combined with the strong financial 
position of the industry lead to expectations of 
reduced prices. 

It is evident that the biggest demand, outside the 
industry itself, in the future will be for the wrought light 
alloy products. Seven or eight years ago the weight 
per month of these sold was less than one-fiftieth of that 
now being produced, and they were almost in the semi- 
precious metal class ; yet to-day, in spite of the increased 
output, relaxed specifications, use of scrap and other 
factors tending to reduce production costs to a degree 
far in excess of the increases brought about by higher 
wages and mounting indirect charges, the prices are 
roughly the same as they were 10 years ago. It is true 
that the Supply Ministry has taken steps to restrict 
profits to a percentage of the capital employed in each 
concern, so that there is no implied criticism on that 
score, but there is an urgent need for a bold declaration 
of post-war policy such as would inspire potential users 
with confidence, renew their interest and enable them 
to contemplate with equanimity being dependent on the 
aluminium alloy fabricators and thus in turn on the 
aluminium smelters, for a substantial proportion of their 
supplies of materials. 

That the primary producers well understand the 
necessity for a firm and progressive policy is clear from 
their pre-war handling of the. hollow-ware circle 
and foil trades. Their part in formulating post-war 
policy would be to give an indication of the probable 
trend of their prices for various types of virgin metal. 
In this connection it is of interest to remark in passing 
that the value of scrap is ultimately directly related to 
the price of virgin metal, since new metal is required 
eventually in order to bring the percentages of impurities 
in the secondary metal within workable limits. The 
intrinsic value of scrap is now appreciated, but it is 
clear that the primary metal smelters need have no 

concern on that score. The 





proces’ now with the pre- 
paration of plans for produc- 
tion alter the war. Several are 
alreaiy designing their post- 
war products. Many,. such.as 
shipbuilders, motor-car manu- 
facturvrs and railway coach 





The fact that goods made of raw materials in 

short supply owing to war conditions are 

advertised in ‘‘ Metallurgia’’ should not be 

taken as an indication that they are necessarily 
available for export. 


degrading of virgin metal or 
any devices calculated to push 
scrap off the market would not 
be likely to have any permanent 
effect. Aluminium alloy scrap 
will henceforth bear the same 
economic relationship to virgin 








builders, have in the past ex- 


aluminium as any other scrap 
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does to its parent metal. At present the price of scrap 
is controlled in this country. In the United States 
Duralumin sheet cuttings were quoted recently at 
below 4 cents per pound. The price of virgin metal also 
has been reduced in the United States and Canada. 

There seems to be little doubt that the aluminium 
alloy rollers and extiuders will bave relatively large 
price concessions to make to post-war consumers. The 
rollers, for example, by installing powerful, reversing 
“hot” mills and high-speed * four-high”’ cold mills, 
have reduced the cost of manufacturing strong alloy 
sheet to a small fraction of that obtaining five years ago. 


The direct charges involved in the actuel rolling of 


Duralumin and Alclad sheet, from rolling ingot to 
finished sheet, are now little higher in pence per pound 
for sheet of a given gauge than they were for pure 
aluminium before the war. Sheet is nowadays rolled 
from ingots containing up to 80°, scrap; process scrap 
is considerably lower and with larger production the 
standard of quality is much more easily maintained. 


Metallurgy for Engineers 
T the interesting and informative review on the 


training of metallurgists, prepared by authority of 


the Council of the Iron and Steel Institute, to which 
attention is directed elsewhere in this issue, one of the 
conclusions reeds: *‘* Metallurgists will be responsible 
for much of the work of the metallurgical industries : 


their help will be essential in increasing the efficiency of 


production as well as in developing the fundamental 
researches on which improved qualities and new materials 
ave ultimately dependent.” 

This statement is undoubtedly true, but surely the 
work of the metallurgist should proceed further; it 
should also be concerned with the ultimate use of the 
materials. In this direction there is a special need for 
a moie directly useful presentation of metallurgy for 
engineers, who must have a good idea of the various 
materials suitable for different purposes, and must know 
what workshop technique is available to handle these. 
In addition, however, he must appreciate the nature of 
the limits and conditions modern materials impose on 
workshop methods and on structural use. 

The metallurgist knows better than anyone that 
certain high specifications of elasticity, toughness, etc., 
bestowed upon metals, in many cases, have only been 
obtained at the price of narrow limitations of treatment 
by himself and by the ultimate user. With the growing 
diversity and apparent complexity of the matetials 
supplied, a situation has been developing in which 
engineers bave been unable to muster any fixed 
technique, any safe universal practice with their 
materials. 

Metallurgists who have set out to explain to engineers 
how mechanical property specifications have been 
derived and how. they will be affected by changes in 
conditions of the kind to be expected in workshop 
operations and in ordinery use, have not thought fit 
to deflect very much fiom the methods which have 
always seemed to serve themselves. They bave always 
given them the metallurgist’s metallurgy, and it will be 
apparent that, on studying such a style, the engineer 
is still left with most of his real problems to work 
out. 
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Heat-treatment costs in modern furnaces and salt baths 
are not in excess of 2$% of current selling prices, 
Admittedly, indirect charges would be appreciably 
higher when single day shifts replaced the present t wo- 
or three-shift operation. 

Data already accumulated would provide an accurate 
guide to costs after the war, and the arrangement 
whereby the light alloy trades refund a large proportion 
of their profits to the Supply Ministry is well known, 
and would protect them from criticism should they 
announce now their intention to make considerable 
reductions in prices after the war. 

Various measures of voluntary rationalisation within 
the industry can be foreseen, but these do not affect 
the necessity for a declaration of policy in the near 
future. Unless this is made there is evidence to show 
that valuable opportunities will be lost and there will be 
little prospect of the industry working at more than a 
trifling fraction of its present single-shift capacity after 
the war. 


Metallurgy for the engineer may be altogether 
different in style as soon as it has been realised that 
practically the sole interest of the engineer lies in the 
mechanical properties. For, in nine cases out of ten, 
microstructure does not in itself explain mechanical 
properties, merely pin-pointing the inner or sub- 
microscopic structure which does explain them. Yet, 
explanations of the properties by the inner or lattice 
structure of the metals have hitherto been avoided. 
There stalks abroad so much fear that even the obvious 
interpolation between * well-established facts” is un- 
professional and might be misleading. Such caution 
compares very unfavourably with the courage of electrical 
technologists who built their wonderful edifice with the 
aid of a fluid which was purely hypothetical until recent 
years, and who still explain radiation effects by using a 
medium, the ether, which is not there at all! It is to 
be wondered if many metallurgists pause to consider 
to what extent even their * facts ’’ are really established, 
what their worth is if they do not permit reasonable 
interpolation, and what harm could result in basing 
on them some tenable theory throwing a flood of light. 

Elsewhere in this issue Dr. Vivian makes a plea for a 
new approach to the subject ; by adopting the attitude 
he suggests new light may be thrown not only on the 
manner in which metallurgical processes bestow 
mechanical properties, but also on the properties them- 
selves. Facts, hitherto isolated and meaningless, then 
fall in their proper relationships with others. Then 
little difficulty will be encountered in satisfying @ 
practical man that various processes of treatment, by 
heat or by work, do in fact mean certain changes of 
inner structure which rationally account for the resulting 
properties. 

The suggestion is to give engineers something fresh 
by which they can quickly gather how modern metallic 
materials come by their mechanical properties, and how 
these latter are modified again by all likely or possible 
conditions of preparation for use and of use itself. As 
cne exemple of the many possible simplifications, It 
could be suggested that the analogous behaviour of the 
ferrous and non-ferrous alloys in their heat-treatments 
should permit of the employment of common terms to 
denote actual identity of condition. 
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Realism in Metallurgical ‘Treatment 
By A. C. Vivian, B.A., D.Sc., A.R.S.M. 


On account of the growing diversity and apparent complexity of the metals and alloys 
supplied, engineers find it either extremely difficult or impossible to master any fixed 
technique, any safe universal practice with these materials ; and, since they are primarily 
concerned with the physical properties, they naturally want to know what really controls 
the properties in metals and alloys. An answer to this question is necessary to enable the 
engineer to appreciate the nature of the limits and conditions now imposed by modern 


materials on workshop methods and structural use. 


In order that the complexity of the 


subject may be, at least, partially removed, the author emphasises the need for a new approach 

to the subject of metallurgy, so that engineers will have something fresh by which they can 

quickly gather how modern metallic materials come by their mechanical properties, and 

how these latter are modified again by all likely or possible conditions of preparation for 
use and of use itself. 


their production or manufacture, which would 

seem to have no more appeal to the ordinary 
user of metals than afforestation and felling would have 
to the user of timber. It is too widely believed, however, 
that this is all there is in metallurgy, apart from a little- 
known metallography, which is felt to be abstruse and 
inaccessible. Yet this latter part of the story—physical 
metallurgy—dealing with the metals themselves and 
with their treatment, should really be of live interest 
to the millions of different metal users if it were dealt 
with concisely and realistically. 

It would not be denied that the chief aim and object 
of the physical metallurgist is to endow the raw metals 
of the producers with the properties needed in mechanical 
engineering ; but the books do not dwell with sufficient 
insistence on questions such as what metallurgical treat- 
ments procure the different mechanical properties, and why 
these results are obtained. 

Students of the books will come to adopt a particular 
line of approach to the subject, discovering that the 
metallurgist somewhat casually associates certain micro- 
structures (appearances under the microscope) with 
certain properties of a mechanical nature (tenacity, 
hardness, ductility, and the like), these products of test 
having no apparent relationship with one another, and 
being due to no particular cause. For example, steel 
when given a certain treatment develops an appearance 
under the microscope which we are taught to recognise 
as “ martensite.”’ Associated with martensitic micro- 
structure is “‘ hardness,” the origin of which is left as 
much a mystery as the magnetism which comes to iron 
when it is cooled from high temperatures. Moreover, 
this hardness is so obscurely connected with tenacity, 
elasticity, ete., that all but advanced students must 
remain in the dark about such relationships, and even 
traind metallurgists speak with many and feeble 
voices on such mysteries if they refer to then at all. 

The position seems to be that metallurgists are still 
some way from explaining appearances and their changes, 
even though they never attempt to do very much more. 
If thse particular explanations were to be satisfactory 
and complete, this would be but preliminary to the 
explenation of that unseen and inner structure which 
alone could explain the causes of strength, ductility, ete. 
Little or no attempt has yet been made te derive 


TT" E opening chapters of the story of metals tell of 


explanations of the causes from this inner crystalline 
structure, and it would therefore seem as though physical 
metallurgy could hardly be described as realistic for the 
purposes of the metal user. 


Ferrous and Non-ferrous Metals 


One of the first steps towards realism would te more 
insistence on what is already recognised well enough— 
namely, that irons and steels are iron alloys in exactly 
the same way as brasses, bronzes, and so on, are copper 
alloys. Though this may seem an elementary step, it is 
one implying a good deal more than is commonly 
accepted, fully granted, and also freely stated. The 
similarity, the identity, in fact, from every material 
standpoint of the arrangement of the components in 
iron alloys and in alloys of other metallic ‘ bases ”’ 
(copper, aluminium, etc.) is not yet employed as a 
unifying principle permitting the maximum safe simplifi- 
cation for the benefit of a wider public. 

If it can be agreed, until the contrary is proved, that 
metals will obey the more ordinary laws of physics— 
seeing that there is insufficient reason to suppose they 
are very exceptional forms of matter—what do the 
metals and alloys then appear to be from the standpoint 
of structures and properties / 

The Pure Metal Base and Grain-Size.—The pure metals 
are found to be possessed of mechanical properties 
varying between certain extremes of low strength with 
high ductility on the one hand, and high strength with 
low ductility on the other, depending firstly on the size 
of the grain-shaped crystals in them. The coarsest 
possible grain-size must naturally be that when the 
whole metallic mass is but one crystal only. Fairly 
large pieces of metal can be obtained like this, but the 
usual pieces contain hundreds of thousands or millions 
of grain-like crystals. The “ single crystal,”’ as the one 
crystal piece is called, has extremely low strength 
(implying elastic limit, tenacity, hardness, and so on), 
but its ability to be changed in shape without breaking 
(ductility, malleability, and so on) is very great. An 
increase in the number of grains in any mass of metal 
will increase this strength and decrease this ductility. 

The True Curve of the Mechanical Properties.—In the 
meantime, it has been shown that a material of any 
sort exhibits all its kinds of strength and its different 
ductilities on the “ true stress-strain curve,” which is a 
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graph curve or chart of a material's behaviour under 
load, from which most of the mechanical properties 
can be read direct, and the remainder calculated. A 
difficulty in acknowledging this fact in the past has been 
due to confusion from the use of curves incorrectly 
calculated, and from lack of understanding regarding 
individual properties, like hardness, which have seemed 
to bear no accountable relationship with those read 
direct from the curve. 


TIES READ DIRECT 
CURVE 
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Grain refinement can be viewed quite simply as a 
treatment which and shortens this curve, 
changing the flat long curve of the single crystal, or 
coarser metal, to the steeper shorter curve of the fine- 
grained metal depending on the degree of the refinement 
of grain. A little study of the true curve will show how 
all the mechanical properties change as the curve 
becomes steeper and shorter. 


steepens 
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Changes in strength, ductility, etc., by grain refinement 
are necessarily limited in practice by certain consider 
tions. The finer grain produced by “ chill-casting ” 
certain light alloys (instead of sand-casting them) may 
be responsible for a 25°, increase in tenacity, and for 
increases in other kinds of strength (properties measured 
in terms of stress) of the order shown in the illustration. 
Loss in ductility (properties measured in terms of strain) 
occurs at the same time as the curve gets steeper, though 
sometimes this effect may 
be masked by some inter- 
fering cause. Apart from 
interfering causes, which will 
not be discussed now, some 
methods of treatment are 
better than others because 
they always increase 
strength with less loss of 
ductility. 

Cold Work, like grain- 
refining, is an expedient 
which has been devised for 
steepening and _ shortening 
the curve whenever it is 
found to be flatter and 
longer than is required. It 
is a process rather like the 
kneading of the metal (as 
dough is kneaded) by 
hammering, rolling, pulling 
out and drawing through 
dies, taking care not to go 
so far as to crack the metal. 
The effect is to break the 
crystal grains up _ into 
“ erystal blocks,” rather like 
grains. Cold work does 
something similar, then, to 
grain refinement in steepen- 
ing and_ shortening the 
stress-strain curve which, as 
before, means making the 
metal stronger and less duc- 
tile, changing all properties, 
in fact; to correspond with 
the raising of the curve. 
Beyond a certain degree, 
this method of treatment 
likewise has its practical 
limitations. 

The Object of Treatments 

C LIMIT (tens O°) WHICH may therefore be considered 

ALLOYS OF DIFFERENT as this variation in the 

IS OB APPX. FOR THE height and length of the 

stress-strain curve of the 
pure metal. It can therefore 
be said that grain refinement 
and cold work are, both of 
them, treatments of the 
simplest metal of all to fit it for ordinary use. 


wo | T 
DURANCE LMI \ 


yea coac 
eversaic) 15 A FRAC 


Alloys 


It will now be seen that preparing an alloy by adding 
another metallic (or other) element to the pure meta! 1s 


just another “ treatment ” of that pure metal. Having 
done what can be done by grain-refining and cold work, 
the metallurgist next tries preparing a solution—é 
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“ solid solution,” but nevertheless only a solution—of 
another metal in the pure metal single crystal. Naturally, 
no one would go to the trouble of preparing the single 
crystal before making an alloy; and, moreover, any 
cold work to be done must be done after alloy preparation, 
not before. But the idea remains—that the pure metal 
single crystal is the starting point of all treatments to fit 
metals for use ; and any treatment by cold work must 
follow alloy making even though it is a treatment which 
was mentioned earlier. 

It is quite important to note that even metals which 
have the reputation of being very pure are not really 
so pure as to exhibit the very Jow strength and very 
high ductility of literally pure metals. Most pure metals 
contain something dissolved which reduces their duc- 
tility a good deal. When a ductility is not as high as it 
really ought to be because of some trifling amount of 
some dissolved impurity, it is often improved for 
chemical reasons by the element added to make the 
alloy. In some of these cases it is even possible to have 
improved ductility in the alloy, though as a rule the solid. 
solution is less ductile than the pure metal of similar 
grain-size. 

Alpha Alloys.—The metal or other element deliberately 
dissolved in the pure metal by the metallurgist in making 
an alloy will henceforth be referred to as the “ solute,” 
whilst the pure metal base will now be referred to as the 
“solvent.”’ The alpha alloys, or simple solid solutions, 
are prepared by adding solute to solvent. As before, we 
start with the curve of the mechanical properties of the 
solvent (pure metal base), and we find we can now alter 
it by adding solute. The curves become steeper and 
shorter as the solid solution becomes richer in the 
solute. Some solutes are mild in their effects; some are 
drastic ; it depends on the solvent. For example, silicon 
is drastic in iron and mild in aluminium. When the 
solute has a chemically curative effect on the ductility, 
added strength may be achieved without reduction of 
ductility or even with actual increase in it, this latter 
result being rather exceptional since the rule is—‘‘ the 
steeper the curve, the shorter.” Cartridge brass, phos- 
phor bronze and others are such “ windfalls”’ for the 
engineer. 

The inner structure of the alpha alloys can be con- 
sidered as due to the replacement of some of the atoms of 
the pure metal crystals by different sized atoms of the 
solute, whereby the crystal cleavage or “ gliding ”’ 
planes of the crystals can be said to have undergone a 
kind of humping and hollowing like that of a sheet 
covering billiard balls. Resistance to shear or to the 
slip of distortion at these planes thereupon becomes 
greater (greater strength), and destruction of the crystal 
state around the locality of slip becomes more wide- 
spread for any particular amount of slip. In such a 
case, there would be less motion on these glide planes 
before fracture took place, this amounting to exactly the 
same thing as loss of ductility, malleability, etc. 

In these alpha alloys, the solute is always in the form of 
dioms in the crystals of the solvent. Beyond a certain 
concentration of the solute—different, of course, for 
every different alloy—the solute may*not be able to exist 
at ordinary temperatures as atoms. At this point it 
— necessary to consider three distinct possi- 

lities :— 

On: -phase Alloys.—In the first, there is a class of solid 
solutions without any limit to the atomic solubility. 
Copp: r-nickel and gold-silver alloys are examples which 
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are all alpha solutions from 100% of the sglvent to 
100% of the solute. An alloy of this class consists of one 
kind of crystal only : it is of one “‘ phase,”’ the one solid 
solution of concentration depending upon the alloy 
chosen. Taking the copper-nickel alloy, nickel solute can 
be considered to modify the copper solvent indefinitely 
until pure nickel solute is obtained ; or, viewing it from 
the opposite end, copper solute may be considered to 
modify the nickel solvent until pure copper is obtained. 
Here you will have the stress-strain curve first steepened 
and shortened to a certain concentration, and then 
flattened and lengthened again as the other end is 
approached. This will correspond to a steepening and 
shortening in each case on beginning at the two ends 
to meet in the middle, and, viewed like this, there is no 
contradiction of what has already been said. 

Two-phase Alloys and their Properties —In the second 
possibility there is a complication to sort out. No 
chemical compound between the solute and the solvent 
is formed in this case, but it is found that the atomic 
solubility is limited. It may be found impossible, for 
example, to obtain an alpha alloy richer in solute than, 
say, 10% at ordinary temperatures. Then, if more than 
10% is made to dissolve in the molten state, on cooling 
down to ordinary temperatures the excess of solute will 
separate from the 10°% solution. 

The manner of this separation is important, depending 
greatly on the rate of cooling and solidification. The 
excess of solute always separates as the maximum 
possible concentration of the solvent metal in the solute 
metal, just as though a new alpha alloy had been formed 
of full concentration by adding the pure metal base to 
the pure solute metal until the latter could hold no more. 
Naturally, this will have some definite concentration 
(differing from that of the first alpha alloy), perhaps 
15°%—it may be much more or much less than this ; it 
may even be 0%, in which case the excess separating out 
is just the pure solute. . 

On cooling, to solidify the molten alloy exceptionally 
slowly, you can have an alloy consisting of separate 
grains of the two alpha solutions. On cooling quickly, 
grains of two kinds appear ; but, this time, some of them 
are of the first alpha kind, and some of them are of the 
mixed alpha kinds in the form of.an emulsion. On 
cooling at rates to be considered normal for most alloys, 
these emulsion grains become finely crystalline, and in 
that state they exhibit curious regular patterns of the 
“eutectic” structure. In pliysics, the eutectic is just 
the result of the sudden appearance out of one kind of 
solution of two new solutions at the same time: out 
of a liquid (molten) solution of two (solid) alpha 
solutions. 

If two new solid solutions suddenly appear together 
from one solid solution, as frequently happens, then the 
result is identical in all respects, but this is now called 
the “ eutectoid,” to distinguish it from what is derived 
from the molten state. 

Alloys which are Mixtures.—-Alloys consisting ‘of two 
solid solutions, either of mixed grains of the two, or of 
grains of one mixed with eutectic or,eutectoid grains, or 
consisting of eutectic or eutectoid grains only, are ‘‘ two- 
phase ”’ alloys because they contain these two alpha 
solutions. With regard to the mechanical properties of 
such mixtures, the properties should prove to be the 
means of the properties of the grains if their mixture is 
fine, whilst the properties of the eutectic or eutectoid 
should, similarly, be the mean of the properties of its 
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phases or parts. Each component of the mixture 
exhibits its own stress-strain curve which will influence 
the mixture’s stress-strain curve in proportion to the 
amount of the component present if the mixture is 
fine enough. If the mixture is coarser for any reason, 
the weaker and more ductile component will tend to 
influence the properties more. Hence, the softening 
(weakening) of a two-phase alloy by prolonged heating 
or slow cooling which has the effect of coarsening the 
distriLution of the phases. 


Heat-treatable Alloys 


In the third possibility, a chemical compound is formed 
between the solvent and the solute. The consequences 
are important, but should always be distinguished care- 
fully from the effects due to alpha solution formation 
and to refining, which can both occur at the same time 
as the tiue effect due to the compound. 

A chemical compound is a substance altogether 
different from its component elements, it is true, but a 
compound may dissolve in a solvent and may thereby 
be split up into its atoms—which are only atoms, 
electrically charged no doubt, and behave mechanically 
as such, whether charged or not, in any solid solution 
capable of splitting up the dissolved compound. Thus, 
compounds are said to be “ ionised’’ when in dilute 
solution. A particularly well-defined compound is 
formed, for example, between copper and aluminium, 
and the smallest particle of this is the ‘‘ molecule ” 
CuAl,. In dilute solid solution at ordinary temperatures 
in aluminium, this compound may be fully ionised or 
split up into copper atoms and aluminium atoms, the 
latter being quite lost in the aluminium crystal itself, 
of course, so the split-up molecule is for mechanical 
purposes nothing but copper atoms in the aluminium 
crystals like any alpha alloy previously discussed. The 
amount of this splitting up depends on the solubility 
of the compound (which depends, in turn, on the tempera- 
ture), and on the amount of the compound present. 
When, for example, common salt is mixed with water, 
the proportions (a) remaining undissolved ; (b) dissolved 
as molecules; and (c) dissolved as atoms (ionised) 
entirely depends on how much salt is taken to mix in, 
and what the temperature of the water is. It seems to 
be just the same with these metallic compounds in solid 
solution as well, 

Duralumin. 
aluminium by melting them together, on cooling at 
fairly slow rates to ordinary temperatures you have 
Duralumin practically. The compound CuAl, which is 
formed is not soluble at these lower temperatures to 
any great extent—i.e., the alpha solid solution from the 
ionisation of the compound is almost negligible. Crystals 
of the compound aire, however, to be seen mixed with the 
aluminium. 
compound completely dissolves, and most of it is ionised 
to produce atoms of copper in the aluminium crystals. 
On quenching this hot alloy fiom 480° C. in water, the 
atomic solution becomes trapped and is found to have 
mechanical properties like an alpha alloy because the 


copper is as atoms, not as molecules nor as crystals of 


compound, 4°, of copper in the form of atoms has little 
effect on the glide planes of aluminium in comparison 
with the effect of the same amount of copper in the 
much bulkier form of molecules of the compound CuAl,. 
And these molecules are what slowly form with lapse 
of time in the so-called “ age-hardening *” that follows 


If 4°, of copper is dissolved in 96% of 


On heating up to 480° C., this amount of 
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the above quenching in water, for, at ordinary tempet..- 
tures, the reduced solubility and consequent reduced 
ionisation make themselves felt in time by the gradual 
formation of molecules. 

Molecules are necessarily bulkier than atoms ; if they 
are not too large, they may “ hump and hollow” the 
crystal cleavage or glide planes more: than atoms do, 
and yet they may not be so damaging to the crystal 
structure of the pure metal base when motion on the 
glide planes actually takes place. They would be 
expected to yield more in permanent distortion, having 
first put up a very strong resistance to the more elastic 
part of the distortion. In fact, the very existence of the 
molecule as such would evidently depend upon the heat 
generated by friction at the glide planes where they 
exert their resistance. Shortly, then, molecules may be 
even better than atoms for strengthening (steepening the 
curve), yet may allow more lubricated motion on the planes 
and therefore give good ductility (keep the curve lon). 

The advantage of developing molecules in the crystals 
of the pure metal base is to obtain extra strength with less 
sacrifice of ductility than is possible in the case of the 
other three methods of modifying a pure metal base. 
“ Optimum properties ” are said to be obtained in this 
way. “ Heat-treatment ”’ in this somewhat narrow sense 
is carried out with the object of obtaining a steeper curve 
which is longer than that obtained—with similar steep- 
ness—by the other three methods. 

Age Hardening.—Ilt should be noted that, for this 
particular alloy, ordinary temperatures happen to be 
“betwixt and between” temperatures. If, after 
quenching in water from 480° C., the alloy were then 
put into a refrigerator, the temperature there would be 
too low to allow the development of an appreciable 
number of molecules for quite a long time. When cold, 
the crystal is so shrunk and tight that the room necessary 
for molecular formation is lacking. If, on the other 
hand, the temperature is raised above ordinary tempera- 
tures, the crystals of aluminium are more open in 
structure, permit of quicker readjustment within them, 
and so allow the molecule formation to go ahead quickly. 
Hence, instead of age-hardening, deliberate ‘‘ tempering ” 
(artificial age-hardening) by raising the temperature to 
about 150° C. will develop as many molecules as are 
required at a much faster rate. 

Tempering.—The reheating of alloys so heat-treated 
is a sort of * annealing * known as “ tempering” ; and 
any tempering which produces more molecules is 
“ temper hardening.” Artificial age-hardening is nothing 
but tempering to get molecules from the trapped solid 
solution of atoms, to get a molecular solution or dis- 
persion of the compound out of an alpha alloy. But, an 
atomic solution which yields molecules at a lower 
temperature, though just the same really as an alpha 
alloy, is more usually called a ‘ beta” solution, or a 
“gamma ” solution—it depends. 

Now, tempering is not only a matter of temperature, 
it is also a matter of time, lapse of time at the tempera- 
ture. If we fix a period of time for tempering, then the 
tempering temperature becomes all-important. In 
practice, something like half an hour to one h yur’s time 
is usually taken for granted, and then the temperature 
controls the degree of temper hardening. Some delinite 
tempering temperature must therefore cause maximum 
molecular development—maximum strength with the 
best ductility. What, then, can a still higher temp.ring 
temperature do / 
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Annealing.—That is a point to be cleared up at this 
stage. Still higher tempering temperatures bring about 
lemper softening—i.e., the effect which originally gave 
tempering its name in the heat-treatment of the first 
steels to be made. These higher temperatures steadily 
remove molecules by allowing them first to form into round 
bunches known as “ colloidal particles ’’ ; next into the 
very finest crystal particles ; and finally into crystal 
masses coarse enough to be seen under the microscope, 
or Jarger still if long tempering at the highest permissible 
temperatures is carried out. But the colloidal bunches 
and the finest crystalline particles are altogether too 
small to be seen under the strongest microscope. Temper- 
ing temperatures above full hardening temperatures will 
thus progressively reduce the maximum strength (plus 
excellent ductility) substituting lower degrees of strength 
with ductility certainly not reduced, and probably 
increased a little. Finally, the highest reheating tempera- 
tures are nothing but full annealing temperatures, giving 
full weakening and softening not only as the result of 
the removal of all molecules, but by coarsening the 
distiibution of the crystals of the compound until the 
mechanical properties of the mixture become much 
nearer those of the aluminium itself. In the case of 
Duralumin, the temper softening temperatures can be 
anything above 250° C.; but it would take a long time 
to soften heat-treated Duralumin at any temperature 
below 300° C., so 350° C. would be more the kind of 
temperature to use for softening in reasonable time. 
After annealing thus, it would be better to cool slowly, 
since a temperature of 350° C. would again have dis- 
solved and ionised some of the compound, and fast 
cooling would then trap some atoms which in time would 
form moleules, and so cause some hardening. 

Slowly Falling Solid Solubility.—The above example of 
alight alloy, in effect devised by the metallurgist to have 
mechanical properties by the fourth method of treatment, 
is one in which the compound molecules appear at the 
lower temperatures from the atomic solution at the 
higher when the solid solubility of the compound is slcwly 
reduced as the temperature falls, and the ionisation giving 
rise to the atoms is therefore gradually reduced. 

Allotropic Change in the Pure Metal Base.—Many 
important heat-treatable alloys, including the steels, owe 
their compound molecule formation to a fairly sudden 
“change of state”’ of the pure metal base (called the 
“allotropic change ’’) which brings about a relatively 
quick reduction in the solubility of the compound, and 
therefore a somewhat sharp change from the atomic 
solid solution to the molecular solid solution. The change 
of state of the pure metal base which is responsible for 
this reduction in solubility takes place within a short 
“critical range ” of temperatures: in the case of the 
steels it is in the well-known critical range of change 
rom the “‘ gamma” to the “ alpha ” form of the iron 
base. 

Exactly similar effects occur in copper-base alloys like 
the tin bronzes, aluminium bronzes, and brasses ; and 
it could therefore be assumed that a change of state of the 
same kind takes place in the copper. 


Steels 
Peay!itic—The “ quench-hardening and tempering ” 
treatment of the steels will not be difficult to under- 
stand according to the above principles. But, to begin 
this pa: t of the story with the commonest kind of steel-— 
the “ pearlitic carbon steel ”—this is an example of an 


METALLURGIA 


alloy in which a compound is formed between the pure 
metal base which is iron, and the solute, which is carbon. 
Ordinary steel of the pearlitic structure is steel which 
has been cooled slowly enough (in the air outside the 
furnace) to permit the compound, carbide of iron, to 
crystallise very finely in an eutectoid grain containing 
alpha iron as well, and this grain is called “ pearlite.”’ 
At the high temperatures which cause all the iron to be 
of the gamma kind, all the carbide is dissolved in solid 
solution, and is thereby ionised so that, in effect, there 
are merely carbon atoms in the gamma crystals. On 
cooling down through the short range converting the 
gamma iron to the alpha iron, the high solubility and 
ionisation of the carbide is lost, the ‘* gamma solution ”’ 
(called “‘ austenite ’’) being changed, in passing through 
the range at moderately slow rates, to *‘ fecrite ” (alpha 
iron) plus “ pearlite ’ (the eutectoid). 

It is necessary to explain ‘ ferrite.” If steels were of 
literally pure iron and carbon, ferrite would be alpha 
iron containing extremely little carbon as atoms ; as a 
rule, the carbon in ferrite can be igaored ; but it definitely 
has got a little carbon and to that extent is an alpha 
alloy. Also, the steels never have a perfectly pure iron 
base : some silicon, manganese, phosphorus, and so on, 
are always to be found in the ferrite, making it even 
more an alpha alloy. Moreover, “ alloy steel”’ ferrite 
contains a great many atoms of nickel, chromium, 
manganese, etc., dissolved in it. Fe:rite, in short, is 
always an alpha alloy, just like the alpha alloys of the 
copper-base brasses, bronzes, etc. 

Pearlitic steels are therefore mixtures containing grains 
of the alpha solution and grains of the eutectoid—of 
ferrite and pearlite. These are the “ hypo-eutectoid ”’ 
steels up to 0-9% of carbon, at which percentage the 
ferrite grain disappears, and the ‘whole alloy consists 
of eutectoid grains. But beyond 0-9% of carbon the 
mixture (‘‘ hyper-eutectoid ’’) is of pearlite grains with 
carbide crystals (called ‘* cementite ’’). 

Pearlite itself is a mixture of 13% of cementite with 
87°%, of ferrite. All the above mixtures have mechanical 
properties which are the mean of the properties of the 
individual grains ; and where the grain itself is complex, 
as in pearlite, the properties of the grain are the mean of 
the properties of the component phases—ferrite and 
cementite. This is so as long as the mixtures are fine 
enough. When they become coarse, the properties lean 
towards those of the ferrite. Both coarsening the grain 
distribution and coarsening the pearlitic structure are 
treatments to weaken the steel and to make it more 
ductile. 

Normalising.—Grain refining is, as a rule, produced by 
making a change of state take place fairly rapidly. 
Metals have finer grain the faster they are changed, from 
the liquid to the solid state, for example; and they 
may show grain refinement on being rushed through an 
allotropic change-point also. That is what happens 
when steels are heated up to the austenitic state through 
tre range of change from alpha to gamma iron. For 
reasons only partly understood, grain refinement on 
cooling down from gamma to alpha does not take place, 
though there are some signs of it trying to take place. 
Thus, during any heating up to the austenitic state, any 
passing up through the critical range, there is automatic 
grain refinement or “ normalising.”’ Such heating up 
may be employed with the more immediate objects of 
relieving internal mechanical stresses, or of case- 
hardening, or of quenching-hardening : whenever it is 
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carried out, grain refining occurs ; and when it is followed 
by cooling off in still air, the fine pearlitic structure results 
from what is known as “ normalising ” treatment. 

Treatment Retaining Pearlitic Structure—Extra 
strength with different degrees of ductility may be 
obtained in the pearlitic structure as follows :— 

With a fixed carbon percentage: Grain refining by 
hot-rolling and forging treatment. Hot work may be 
viewed as cold work followed instantly by “* recrystallisa- 
tion,’ which latter is the effect of rushing the amorphous- 
like metal produced by the cold work through its change- 
point to crystalline metal. Few realise how essential 
and yet largely forgotten is this method by which the 
steels in daily use have the properties commonly expected 
of them. Grain-refining by normalising. Grain refining 
by dissolving nickel in the ferrite, the reason of which 
is not well understood. 

By increasing the carbon percentage to increase the 
proportion of the pearlite to ferrite grains ; and subse- 
quently, to mix cementite with the pearlite. 

By cold rolling and drawing. 

By adding other metals, like nickel and chromium, to 
make the ferrite a more concentrated (and therefore a 
stronger) alpha solution ; and to produce chromium and 
other carbides in the cementite in order to make that 
tougher and more satisfactory in other ways. 

(Juench-hardening and Tempering.—From the above, 
it. is seen that the first three methods of treatment are all 
employed for the pearlitic steels, coupled of course with 
the method of varying the proportion of the two kinds 
of grain in the two-phase alloys, which is a “* method 
of mixtures.” 

The fourth method is that of obtaining at the higher 
temperature an ionised compound which becomes 
molecular at the lower temperatures. Steels are amen- 
able to this treatment. If you heat them up to the point 
at which their iron is all gamma, to the state of austenite, 
in fact, all the cementite is dissolved and ionised. If you 
quench the plain carbon steels from this temperature, 
you can never quite manage to restrain the strong 
tendency they have to produce molecules, even though 
the coldest water is used for the quenching. Quenching 
certainly manages to check the rush to form crystals of 
the compound at the stage of molecule formation, and so 
the resulting ‘ martensite’ is practically a trapped 
molecular solution of the carbide. Slower quenching, as 
in oil, may permit some colloidal bunches of molecules 
to form ; still slower cooling as in a blast of cold air, 
might permit fine crystallisation to start. Thus, first 
* troostite ’’ and next “ sorbite ’’ may be obtained by a 
control of the cooling rate, though the method usually 
employed is to obtain martensite by quenching (quench- 
hardening), and then to temper in order to change the 
martensite to troostite, to sorbite, or to sorbitic pearlite, 
as may be required. Martensite must be considered to 
have the most free molecules ; subsequent tempering 
merely removes molecules from the iron crystals, 
decreasing strength as this proceeds, and either changing 
ductility very little or increasing it quite definitely. 

Alloy Steels 

These are “ pearlitic ’’ when they have the ferrite- 
pearlite, or pearlite, or cementite-pearlite constituents 
on cooling from above the critical range. All previous 
remarks on pearlitic carbon steels, and on the effect of 
‘alloying elements on the ferrite, pearlite, and cementite 
apply to them. But, with alloy steels, quenching 
austenite can be made to trap austenite itself; and 
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this is a very important non-magnetic, one-phase a|loy 
capable of being rendered extremely resistant to corrosion 
by putting enough chromium inte it. This makes high 
chromium austenite remarkably good in fatigue endur. 
ance under corrosive conditions. Depending on the 
amount and nature of the alloying metals employed, 
alloy steel austenite, martensite, troostite, sorbite, and 
pearlite can be made to serve a host of valuable purposes 
which can hardly be dealt with in this short attempt at 
realism for the metal user. 


Metallurgical and Mechanical Analysis 


For the first time it becomes possible and profitable 
to indulge in careful consideration, or critical analysis, 
of the most complex steel or other alloy, in any con- 
dition of metallurgical or accidental treatment by heat 
or by work, with the avowed object of forming con- 
clusions as to the origin of its mechanical properties in 
that particular condition. It will be hard to find that 
its mechanical properties are owed to any other treat- 
ment than the four here described for modifying the 
properties of the pure metal single crystal, coupled with 
the “‘ method of mixtures” and, perhaps, with the 
development of “flow structure”’ which is another 
coarse structure like the mixture. In general, it can be 
accepted that the properties are related to one another 
and vary together on change of structure as graphically 
shown in the illustration ; and the occasions on which 
they vary in a different manner on change of structure 
will afford excellent opportunity for research and 
discovery of the reasons—e.g., the chemically curative 
effect of some alloying elements on a pure metal base 
which is not literally pure ; the ionisation of the com- 
pound molecule under the influence of heat in plastic 
distortion ; and the simultaneous grain-refining effect 
of certain alloying elements, or solutes, which may be 
operative in some circumstances, but not in others. 
Physical metallurgy has tended to become more and 
more complex with the work done to elucidate its pro- 
blems ; it would seem that its present lack of realistic 
approach for the metal user is evidence in itself of a 
lack of definition or of focus in its aims and tenets. 


Presentation to Mr. W. J. Brooke 


Ar the end of last year Mr. W. J. Brooke retired from 
the position of managing director and general manager 
at Normanby Park Steelworks, after 24 years’ service 
with John Lysaght, Ltd. Recently, at the Crosby 
Hotel, Scunthorpe, the employees presented him with an 
inscribed silver salver as a mark of their esteem. 

Mr. W. E. McHarry, chairman of the Joint Works 
Council, presided over the gathering, and explained that 
when asked what he would like as a testimonial gift 
from the employees, Mr. Brooke suggested a special type 
of camera. This was not obtainable during wartime, 80 
the presentation took the form of a silver salver and a 
sum of money—about £175—was being held in trust 
to purchase a camera. Mr. McHarry paid particular 
attention to the reputation for diligence and foresight 
Mr. Brooke had built up. 

In replying, Mr. Brooke said it was 46} years since 
he came to the Scunthorpe district, in that time he had 
seen and learned a great deal ; he realised, for instance, 
that the way to good management and good results was 
by collaboration, and it was in this respect that the 
Joint Works Council had been of such inestimable 
advantage. 
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Damping Capacity at Low Stresses in Light 
Alloys and Carbon Steel, with Some 


Examples of Non-Destructive Testing 
By the Late Dr.-Ing. L. Frommer and A. Murray 


This work was undertaken to establish a reliable and accurate method for measuring the 
damping capacity of materials, particularly metals ; to establish the significance of the 


damping capacity as a physical property of the material in terms of other known charac- 
teristics ; to determine what influence is exerted upon the measured damping by structural 


defects, such as crack and porosity, and thus to afford means for non-destructive testing ; 
and to determine the practicability of employing damping measurements as a means of 


quality control and inspection of raw material and finished components. 


The work is 


reported in the ** Journal of the Institute of Metals,”* a summary of which is given in 
this article. 


HE results of other investigations on damping 
ZZ capacity, however divergent in detail, concur in 

indicating that for very low fibre stresses the 
damping capacity has a definite value which is of lower 
order than that found within the range of engineering 
stresses. Beyond this, the research work previously 
published vields little information on the fundamental 
points which determine whether the ** damping capacity 
at vanishing amplitude ” is a well-defined metallurgical 
property, on the measurement of which new methods of 
structural research and of non-destructive testing can be 
based. The damping values reported for the same 
material by different research workers vary widely, and 
with regard to some fundamental points the published 
results appear to be even contradictory. Insufficient 
metallurgical data are given to enable the causes of 
these discrepancies to be traced to special features of 
the particular specimens examined. It seems probable 
that in much of the previous work the quoted damping 
values include considerable extraneous losses. 

In view of this, in the present investigation it was 
decided to attack the problems from fundamentals, to 
develop a technique which could be relied upon to yield 
measurements representative of the internal damping 
even in specimens of very low damping capacity (where 
the elimination of the extraneous lcsses is of greater 
importance), and then to investigate the characteristic 
features of the intrinsic damping capacity of metals and 
alloys. In particular, it was decided to investigate the 
correlation of the damping capacity with macro- and 
micro-structure and with soundness of the specimen. ° 

The logarithmic decrement of the decay of the vibra- 
tion amplitude has been taken as a measure of the 
damping capacity of the material. 

The logarithmic decrement 

a Ag _1, Ao 
A = log A, = ji log A ae a: 
where \, = initial amplitude, A, = amplitude after one 
comp\te oscillation, A, = amplitude after » complete 
oseill.'ions, ¢ = time measured from amplitude A, to 
ampliiude A,, f = frequency. 


” 


* January, 1944, pp. 1-50, 


In practice it is usual to calculate A from observations 
of the time ¢ for the amplitude A,, to fall to a definite 
fraction of Ay. If this time becomes too short to be 
measured accurately, A may be determined from a 
measurement of the breadth of the resonance curve when 
the specimen is in forced vibration at the resonance 
frequency. If the breadth is taken as the frequency 
difference, 4f, for which half maximum amplitudes are 
obtained, 

a Af 
v3 J 
where f is the resonance frequency. 

In the present work the decay times have always been 
sufficiently long for A to be determined from equation (1). 

The light alloys investigated were Hiduminium 
R.R. 56—as extruded and swaged; Hiduminium 
R.R. 59—as cast and swaged; y alloy—as cast and 
swaged ; Duralumin—as swaged and extruded; and 
also some work was done on the magnesium alloy 
Magnuminium 288 A—as swaged. Included were six 
specimens of 0-6°, carbon steel bars for a preliminary 
survey of the damping of steels. 

The light alloys submitted to investigation in the 
varicus relevant stages of heat-treatment were in form 
of chill-cast ingots of 3—7 in. diameter and 2 ft. length, 
and cylindrical bars (wrought, forged, swaged, or ex- 
truded), 3-5 in. diameter and 2-8 ft. length. Amongst 
these were specimens which, during production, had 
been purposely subjected to various metallurgical 
treatments. The carbon steel bar specimens were 3 in. 
diameter and 3 ft. length. The survey of the latter 
specimens was carried out to determine whether speci- 
mens of identical metallurgical history and possessing 
metallographic uniformity would have closely matched 
damping capacities. Such information would serve as a 
basis fer the detection of hair-cracks, should a faulty 
specimen possess a damping greater than that appropriate 
to its particular metallurgical state. 

Comparatively large specimens were used, the principal 
disadvantage of which arises from the difficulty of 
obtaining a uniform and homogeneous metallurgical 
condition perfectly free from defects. The advantages of 
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using large alloy specimens, however, are :—(a) The 
relative extraneous losses (in proportion to the intrinsic 
dissipation) diminish with increasing size of the specimen. 
These losses arise mainly from three sources: (1) Air 
losses (by friction and by acoustic radiation) ; (2) losses 
by energy transfer to the suspension system ; (3) losses 
caused by the translation instruments used for excitation 
and measurement. The relative air losses would 
naturally decrease with increasing ratio of volume to 
surface, all other factors remaining equal. The losses 
due to transfer of energy to the suspension device and 
the translation losses become increasingly prominent 
with decreasing bulk. 

(6) Bulky specimens are less responsive to fortuitous 
extraneous excitation (such as draught or distant noise), 


which cannot always be excluded and which, in view of 
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mass to a much larger rigid mass by means of a weak 
elastic coupling ; and (5) since the vibrating system has a 
preferred direction of vibratory motion, energy losses 
may be minimised by designing the suspension system 
(for torsional oscillations only) so as to permit freedom 
of movement in this direction. 

Fig. 1 illustrates one of the two support stands and 
suspension systems arranged for a typical specimen of 
4 in. diameter and 3 ft. length. The specimen F rests in 
thin wire loops H, which pass round the bottom of the 
specimen and over the balance beams E. The loop, of 
wire 0-009 in. in diameter or as thin as possible com. 
patible with the load imposed, is made by interlinking 
small loops formed on each end of the wire. This link 
and the associated “ twists "’ rest in the groove in top 
curved surface of balance beam, so that the weight of the 
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Fig. 2 
R.R. 59 alloy. 








Fig. 1.-Details of support stand and suspension. 


the necessarilysensitive nature of the suspension system, 
can be troublesome during measurements on small 
samples. 

(c) In specimens of considerable length, the funda- 
mental frequeneies of longitudinal and torsional vibra- 
tions are comparatively low, and a number of overtones 
are measurable (between 500 and 12,000 cycles /second). 


This is of particular value in the interpretation of 


damping in terms of homogeneity. 

(d) Large specimens can be cut up into smaller parts, 
thus enabling measurements at the same frequencies 
to be made on specimens of identical material but of 
widely different sizes. 

(¢) Such specimens assist in the development of a 
method which can be applied immediately to the testing 
of actual production samples. 

A special form of audio-frequency signal generator was 
used to excite vibrations in the specimens at the appro- 
priate resonance frequency, by feeding the signal, 
suitably amplified, to an eddy-current-permanent- 
magnetic field-exciter device placed close to, but not 
touching, one end of the specimen bar. The bar, held 
in a special suspension system, vibrates in the * free- 
free * state, and the excited vibrations are detected by a 
device similar to the exciter. The alternating current 
generated in this detector is amplified and fed to a 
robust a.c. voltmeter, which gives a reading proportional 
to the vibration amplitude. The decay of the magnitude 
after the exciter is cut out was timed by a stop-watch, 


Details of Specimen Suspension System 
In developing the specimen suspension two important 


considerations were borne in mind: (a) the transfer of 


energy may be minimised by connecting the vibrating 


specimen holds the link against the beam thus 
preventing the * twists from slipping undone. 
The apex of the Vee-suspension [D passes under the 
balance beam, whilst the loops forming part of the sides 
of the Vee pass round the inertia bar C. This coupling 
system between the specimen and the inertia bar repre- 
sents the first barrier to energy loss. This principle is 
again exemplified by the seven-stranded wire cable B, 
supporting the inertia bar (, on the two suspension bolts 
A, which are screwed into the cast stand G. Finally, 
the cast stand G is placed upon a massive concrete block, 
which serves as a working platform for all the various 
stands and equipment ; it is 25 ft. long, 3 ft. wide, and 
5 ft. to 6 ft. deep, projecting 3 ft. above floor level ; and 
it is separated from the foundations of the laboratory 
building. This latter precaution is taken to isolate the 
system from vibrations in the building, whilst the link 
between the concrete block and the cast stands provided 
by the three bolts in the base of the cast stand is another 
example of the principle of ‘ weakly coupled * mass 
systems. 
. An important feature of the suspension system is the 
balance beam (Fig. 2), which allows the specimen 
freedom to oscillate through a small angle during 
torsional vibrations. The balance beam oscillates about 
the apex of the Vee-suspension as an axis, and where 
the specimen loop leaves contact with the groove I 
the balance beam, only the bending elasticity of the 
steel wire is called into action. The chief source o 
friction is at the pivot where the relative movement 
during vibration is least. Moreover, even at the largest 
amplitudes employed, the maximum velocity ol the 
specimen loop is only 1-0 mm. per sec., and the maximum 
displacement 0-00013 mm. The length of the balance 
beam is determined by the diameter of the specimen, 
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a 4-in. beam, for example, serving for 34-4} in. speci- 

mens. The “ stabilising ” distance (Fig. 2) is made 1 mm., 

experience showing that a greater distance than this 

would tend to overstabilise the system and so destroy 

the rotary freedom of the balance-beam system. 
Electrical Equipment 

The electrical equipment used consisted of an audio- 
frequency signal generator of | watt output, which, with 
an electronic frequency doubler, was capable of giving a 
frequency range of 100 to 12,000 cycles/seconds. The 
output was amplified to 12 watts by a conventional 
power amplifier. Vibrations in the specimen were pro- 
duced by means of eddy currents acting upon a stationary 
magnetic field from an auxiliary permanent magnet at 
such an angle as would produce a toi que on the specimen. 
The alternating voltage generated in the receiving coils 
was amplified and then measured by means of an a.c. 
voltmeter of the copper-oxide-rectifier type. The 
detector unit was calibrated for known amplitudes 
determined by interferometric methods. It was esti- 
mated by these means that the maximum fibre stress in 
the majority of the experiments was between 0-5 and 
304b. in? for the light alloys, and between 1-5 and 
W lb. in.? for steels. The reading of the voltmeter was 
found to be substantially independent of the frequency. 
A cathode-ray oscilloscope for wave shape and frequency 
observations was included in the set-up. 

At amplitudes within the range used, the logarithmic 
decrement for the decay of free vibration was found to be 
essentially constant throughout the decay, indicating 
that, for a given frequency, damping capacity is a con- 
stant of the specimen, independent of amplitude. 

Conclusions 

Within the limits studied, damping capacity was found 
to be independent of the length and diameter of the 
specimens. 

The damping capacity of complex light alloys in 
soundest possible condition varies between 0-06 x 
10 (annealed material) and 0-15 x 10-4 (fully aged 
material); the majority of values lie between 0-10 x 
l0* and 0-15 x 10°4. The damping capacity of light 
alloys seems to depend on the degree of precipitation 
present. Contrary to reasonable anticipation, the 
damping of annealed material is not stable at room 
temperature ; over a period of months an increase of 
20%, has been observed. Reannealing restores the original 
value. The above increase of damping has not been 
established for all annealed material; cases have 
occurred in which the measured increases in damping 
lie within the limits of experimental error. 

The damping of 0-6°, carbon steel is 0-5 x 10-4 and 
"7 x 10°* for the tempered and oil-quenched states, 
respectively. These values, together with corresponding 
Brinell values, were reproduced through successive 
cycles of heat-treatment. It is probable that the changes 
in damping of steel are closely connected with lattice 
changes in the crystal structure of the material, the 
tempered and quenched conditions corresponding to the 
body-centred cubic lattice and the face-centred cubic 
lattice, respectively. 

The method employed in this work provides wide 
latitude for the dimensions of the specimen, the only 
limitation being that the specimen must have the shape 
of a solid. revolution. Measurement of damping for 
‘everai harmonics affords a valuable check on experi- 
menta' conditions, and yields information regarding 
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inhomogeneity of specimens. Damping values (confined 
to the exponential range of decay) afford a simple means 
of comparison of specimens or measuring changes pro- 
duced by various processes. Damping values are single 
numbers rapidly calculated while the test is in progress, 
and the delay associated with the usual photographic 
recording is eliminated. Thus, this type of testing is 
rapid and accurate, and applicable to production 
material and to finished components when they are of 
the shape of solids of revolution. 

At the present stage of development of the technique, 
the most important application of damping capacity is 
to the non-destructive testing of production materials. 
In this connection damping values are in many ways 
unique. Not only is it possible to distinguish material 
accepted for production purposes from faulty material 
(as done by other tests), but accepted material can be 
classified according to quality. The ability to deal with 
large specimens, where radiographic examination would 
be valueless, and to discover fine cracks with facility, 
together with the speed of operation, render damping 
measurement a useful method of non-destructive routine 
testing. Whilst damping measurements cannot always 
indicate with absolute certainty the presence of fine 
cracks, owing to selective sensitivity to orientation, 
serious defects cannot pass undetected and good material 
is never in doubt. The sensitivity to surface conditions 
and to defects situated near the surface of a rod or tube 
may be utilised for plated surfaces or for the study of 
protective finishes. 

Throughout the stress range 0-30 lb./in. for alu- 
minium alloys and 0-190 Ib./in.? for steel, the damping 
‘apacity has been found constant, in agreement with 
previous investigations over similar ranges. This is 
consistent with the solution of the damped-wave equa- 
tion, but does not imply accuracy of the original equation, 
in which it was necessary to assume that the interna! 
frictional force is proportional to the particle velocity 
and not to the velocity gradient as would be expected. 
In the case of the torsional pendulum the two assump- 
tions are equivalent, but, owing to the sinusoidal 
distribution of the displacement, they are quite distinct 
in the case of the heavy “ free-free’’ bar. Insufficient 
evidence is available for speculation on the nature of the 
internal forces. 

Some investigators have mentioned the necessity for 
initial cyclic stressing before decay measurement. 
Throughout the present work there has been no evidence 
that pre-stressing has any influence on the damping 
values obtained: this may be due to the enormous 
number of stress cycles performed during tuning and to 
the magnitude of the stresses employed. 

The damping capacity of materials has been con- 
sidered a factor of prime importance with regard to the 
dissipation of energy in vibrating machinery. It may be 
fallacious to assume that high damping is beneficial, as, 
at any rate for low stresses, it is probable that the 
internal friction is negligible compared with external 
friction. However, in many machines the oscillatory 
component of the force on a member may still be 
sufficient to provide a cyclic stress amplitude capable of 
fatigue working the metal, and in the absence of know- 
ledge of the relation between damping capacity and 
fatigue strength no conclusions can be reached. The 
knowledge necessary to estimate the relative importance 
of damping capacity of a material used for vibrating 
machinery in which there are possibilities of resonance, 
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could be provided by a suitable fatigue test by resonance 
methods which, at the same time, would yield informa- 
tion concerning the relation between damping capacity, 
stress, and the cyclic history of the material. Another 
limitation to the energy dissipation possible by internal 
frictional forces is due to the limited volume of material 
which actually experiences the maximum stress and the 
limited time over which this maximum stress operates. 

Correlation of the work with that of other investigators 
is made extremely difficult by the widely different 
objectives of the experimenters and the diversity of 
techniques employed. No technique is ideal, and many 
results are open to grave suspicion. The cause of greatest 
uncertainty is the magnitude of external losses, which has 
led many investigators to deny the fundamental nature 
of the damping values obtained, while still attaching 
importance to variations obtained with changes in 
temperature and stress. 

This point of view assumes the contribution from 
external friction to the measured damping to be a 
constant during all changes, so that any measured 
increase in damping is due solely to internal friction. 
Thus, the lowest damping observed is regarded as 
determining the maximum uncertainty due to external 
friction, irrespective of material or conditions. There 
is no evidence that the external friction component of 
the damping is a constant in any experimental procedure, 
either as a function of stress or of temperature, but it 
may be assumed constant only for variations in damping 
for varying metallurgical conditions with physically 
identical specimens under identical conditions. 

Whilst the technique employed in this investigation is 
closely allied to that adopted by Wegel and Walther! 
and later by Zener,® it is important to kéep in mind that 
their results refer mainly to longitudinal and transverse 
vibrations ; results obtained with the present technique 
employing these modes are considered unreliable. 
Longitudinal damping values of 0-36 L0°* for 99-5% 
pure aluminium and torsional values of 0-8 x 10°! for a 
gteel drill rod by Wegel and Walther, together with 


Consumption of Mercury in U.S.A. 


THE action taken by the United States Government 
regarding mercury confirmed the satisfactory conditions 
surrounding this strategic material. According to the 
Bureau of Mines, United States production in 1943 
amounted to about 53,5090 flasks, or about three times 
the 1939 rate. Some details covering the consumption 
of mercury by uses are given in the following table : 


MERCURY CONSUMED IN THE UNITED STATES LN 1942 AND IN THF, 
FIRST 11 MONTHS OF 1943, LIN FLASKS, 


Pharmaceuticals 

Dental preparations 

Agriculture 

Antifouling paint 

Felt 

As a Catalyst, of 
chlorine 

Electrical apparatus : 

Industrial and control instruments 

Amalgamation 

treneral labo 

Redistilledt 

Other 


in the electrolytic preparation 


and caustic soda 


15,077 
t49, £51,300 


—— . 
* Half or more of the quantity shown under “ redistilled "' was for use in 

industrial and control instruments : 
+ The items are on a partial coverage basis ‘96-98°,,) and do not add to the 

total, which has been increased to cover approximately total consumption, 
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longitudinal values of 0-12 x 10°* for 70:30 brass by 
Zener, show that the values obtained by their technigues 
are of the same order of magnitude as those obtained 
by the present technique. The comparison cannot be 
taken further owing to the different conditions of 
operation. By means of the Féppl-Pertz technivue, 
torsional damping values of 4-1 x 10-3 at 1,000 lb. in2 
maximum surface stress for an aluminium alloy similar 
to Duralumin (Hatfield, Stanfield and Rotherham’), 
5 x 10°3 at 750 Ib./in.? for Duralumin and 5-5 x [03 
at 750 lb./in.? for R.R. 56 alloy (Stanton and Thompson*) 
have been obtained. The stresses employed are 
admittedly larger than those reported in this work, 
but the damping values quoted are suspiciously high, 
and it was therefore decided to modify the existing 
technique to bridge the gap between danpings for 
stresses up to 30 lb./in:? and those up to 1,000 lb. /in.*, 
Experiments were therefore undertaken during the 
preparation of this report which have established that 
the damping capacity of a compound pendulum of 
Duralumin freely suspended with its axis horizontal, in 
the manner of our normal technique, does not exceed 
0-6 x 10°4 at a maximum surface stress of 700 lb. /in.’. 
At 60 lb. in.? the damping was 0-1 x 10°4, in agreement 
with the results obtained with a “ free-free ’’ bar. Part 
of the increase in damping is due to increased losses, but 
there can be little doubt that a genuine increase of 
damping occurs with increasing stress in the extended 
range employed. An important consequence of this is 
that the dissipation of energy in resonant members will 
be mainly at the surface and will depend largely on the 
stresses which obtain in the member. 


REFERENCES. 
Wegel and H. Walther. Physics, 1935, 6, 141. 
Metaltlunde, 1937, 29, 109. 
J. Iron Steel Inst., 1940, 141, 157. 
J. Inst. Metals, 1943, 68, 29. 
Trans, N.E. Coast Inst. 


1 RB. LL. 
2 F. Forster. Z,. 
3 G. P. Contractor and F, C. Thompson, 
i L. R. Stanton and F, C. Thompson. 

5 W. H. Hatfield, G. Stanfield, and L. Rotherham, 
ig. Shipbuilders, 1942, 58, 273. 

6 O. Féppl. J. Zren Steel Inst., 1936, 134, 

7 A. Gemant and W. Jacksen. Phil. Mag., 1937 

& C. Zener. Proc. Phys. Soc., 1940, §2, 152. 

9 H. Osterberg. J. Opt. Soc, Amer., 1932, 22, 19. 


vii,, 28, 960, 


The very large *‘ other ”’ class covers uses such as the 
manufacture of fulminate for munitions and _ blasting 
caps, of munitions other than fulminate, and some other 
items which it is considered inadvisable to show 
separately at this time. It should be borne in mind that 
the figures given are a gauge of the wartime use of the 
metal and do not present an accurate guide to peace- 
time amounts nor to percentage distribution of uses. 
The large amounts shown under “ redistilled *’ represent 
metal subsequently used largely in industrial and control 
instruments, in dental preparations, in electrical 
apparatus, for laboratory use, and in other items. 


Ix the recent report of the Federation of British 
Industries on industry and research, one of the recom- 
mendations suggested the establishment of an organisa- 
tion whose main function would be to stress continuously 
the need for industrial research and to promote and 
foster it in all possible ways. This suggested organisation 
has been discussed at a meeting of representatives of the 


Royal Society, the Department of Scientific and 
Industrial Research, the Universities, and the Research 
Associations. After a full discussion, a sub-committee 
was appointed to consider the formation of such an 
organisation and to report the results of their 
deliberations. 
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The Hardness of Metals in Relation 


to Atomic Structure 
By Hugh O’Neill, M.Met., D.Sc. 


Knowledge concerning the properties of metals is far from being complete. 


We know, for instance, 


that they possess hardness, ductility, electrical conductivity, etc., but what special characteristic about 


a metal which endows it with some of these properties is not yet quite clear. 


Here the author 


attempts an outline of the scientific picture still being perfected by physicists regarding the 
internal conditions which determine hardness properties of metallic materials. 


with several reliable hardness tests for metallic 

materials. Increasing utilisation of the test 
results may be expected to arouse a natural curiosity 
regarding the state of internal affairs which determines 
hardness properties. This subject is attracting increased 
attention, and perhaps a homely metallurgical outline 
may be attempted of the scientific picture which is still 
being perfected by the physicists. 

One of the most typical of metallic properties is 
ductility. But whilst microscopic examination shows 
that all normal metals consist entirely of crystals, yet 
all crystalline bodies are by no means ductile. There is, 
therefore, something special about the metallic state 
which endows it with both ductility and electrical con- 
ductivity. Now the X-ray spectrograph not only 
confirms that all normal metals are crystalline aggre- 
gates, but it furthermore reveals the internal atomic 
architecture of the individual crystals and the way in 
which they deform by “slip” along lines of atoms. 
Thus it is found that the ductile metals and alloys have 
their atoms grouped together in space according to fairly 
simple lattice arrangements. A common form of this 
atomic packing is the face-centred cubic pattern illus- 
trated in Fig. 1, where six of the eight corners of an 
elementary cube are situated at ABCDEF. The seventh 
bottom corner is hidden at the back, and the eighth 
top corner has been sliced off so as to reveal an octa- 


hedral plane ACE. 


The Metallic Atom 

The present general representation of an atom shows 
a central dense nucleus of positive charge surrounded by 
balancing clouds or shells of negative electrons. The 
total number of electrons per atom is called the atomic 
number of the element. The speciality of the metallic 
atom is that whilst most of its electrons are closely 
associated with the nucleus to form a “ positive ion,” 
yet there remains a free residue of loosely attached 
“valency ”’ electrons. In a metallic crystal the atoms ali 
lose some of their electrons quite easily, and the positive 
ions in the array hold a matrix of free electrons in com- 
mon hetween them all. In Fig. 1 the octahedral slip plane 
ACE of the crystal has been drawn so as to section the 
ions in the plane, and thus reveal diagrammatically the 
“hard ’ core within them. In the same sense free valency 
electrons have been represented as negative dashes 
outside the spherical ions and scattered throughout the 
assembly. The general cohesion of the system may be 
imagined as due to an electrostatic attraction between 
the positive ions and the free negative electron matrix, 


E, with: sever and metallurgists are now familiar 


Fig, 1—Cubic Crystal of métallic atoms in 
face-centred packing. 


Different metals have different proportions of their 
electron system in the valency condition, and the pro- 
portion of negative electron matrix relative to the 
number of atoms (i.e., ions) in a crystal has an influence 
in determining its mechanical properties. 

Normal metals have been referred to above, but it is 
believed to-day that all metals can exist abnormally in 
an amorphous as well as a crystalline form. In the 
truly amorphous state they have no regular lattice 
structure and are devoid of free electrons. According to 
Zahn and Kramer! metal may be prepared in this form 
by making the hot vapour electrically neutral and then 
condensing it upon a cooled surface, so that ionisation 
is avoided. Such an amorphous deposit is stated to 
resemble a highly compressed gas having cohesive forces 
of the Van der Waals type, such that no external 
pressure is required to hold the atoms together. Since 
electron diffraction tests have indicated that the cold- 
worked surface layer on polished metals is amorphous, 
and since mechanical tests show it to be hard, we have 
grounds for considering that a relative shortage of free 
electrons, and above all the absence of a regular lattice 
structure, may give rise to increased hardness. When 
amorphous metal is heated it softens and crystallises 
and once again contains free electrons. 

The hardness of a metal decreases with temperature, 
whereas its electrical resistivity rises. These two pro- 
perties generally run together, and the divergence 
requires consideration. The ions are considered to 
absorb nearly all the thermal energy, and the valency 


~_ — 


1 H, Zahn and J. Kramer, Verhandl, deut, phys, Ges., 1940 (3), 21, 20. 





244 METALLURGIA 


electrons none. The lattice size increases and the binding 
force falls, so that softening is accounted for. On the 
other hand, the increased spacing of the ions increases 
the potential barriers which keep the valency electrons 
attached to a single atom when in the free state. The 
electrons therefore become more strongly attached, and 
the electron flow required for a current is hindered. 


Elastic Compressibility 

The reaction of a metallic crystal to compressive load 
will first be considered from the viewpoint of elasticity. 
The hard positive nucleus of each atom may be described 
as enclosed within a flesh-like covering of those associated 
electrotis which comprise the metallic ion. External 
to this system comes the ‘* wetting’ or “ set- 
ting” or binding ** medium of the valency 
electrons. In considering the three-dimensional 
atomic structure thus made up in space, 
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shuffle, and with 19 electrons we are back at an alkali 
metal potassium (K), in the next series. Arranged in this 
way, the elements show similarities in properties running 
in groups vertically down the table. If the reciprocal 
compressibilities of the metals are now plotted above 
their atomic numbers, in each horizontal series the 
graph is found to rise from the alkali metals on the left, 
through high values of the transitional metals and then 
to fall as the metalloids are approached. Whatever the 
changes which may be taking place in the electronic 
structures, they have the effect of producing a periodic 
change in reciprocal compressibility. 

The greater elastic incompressibility of elements like 
copper (Cu) and iron (Fe) compared with an alkali 


Hexagonal Close-Packed 


Face-Centred Cubic Body-Centred Cubic 


Closeness 


Valency | He 


. Transitional Metals Metalloids 
| me Valency Electrons per atom _ Gases 


3U ®* Total Electrons per Atom (Atomic No.) 


) 


| Fig. 2.—The Metals in order 
of dtomic numbers and 
values Of 4 nine Ha 


Reciprocai Come 


its relative ““emptiness’’ or “fullness” is likely to 
affect such a property as elastic compressibility, 
Since we are concerned with hardness which is more 
or less allied to cubic incompressibility, the ** reciprocal 
compressibility values of the metals deserve to be 
considered in relation to the atomic values. 

This is best done by placing the elements in order of 
atomic number in Bohr’s fascinating arrangement of the 
Periodic Table. We then observe the well-known fact 
that the addition of an electron to a given metal creates 
a new element, and that eight electrons seem to form a 
stable assembly. Referring to Fig. 2, as one proceeds 
from sodium (Na—I1 electrons) on the left through 
magnesium (ilg——1l2 electrons) to silicon (Si—l14 
electrons), the cycle becomes stabilised at the eighth 
clement argon (A—-18 electrons), which is consequently 


an inert gas Adding another electron requires a re- 


electrons} 20¢ 


Ba 


Fig. 4.—Brinell hard 
ness of metals in | 
relation to crystal 
structure and val 
ency electrons of 
free atoms 


metal such as potassium (K) is considered by Hume- 
Rothery and Raynor? to be due to the respective 
fullness” and “emptiness” of their atomic spatial 
structures. The former are so “full” that the ions 
almost touch each other, whilst in the latter there is 
plenty of vacant inter-atomic space. Factors for con- 
sideration are, therefore, sizes of the ions, closeness of 
approach of the atoms in the crystal, and number of 
valency electrons per atom. Numerical values for these 
may be obtained from Hume-Rothery’s book on “ The 
Structure of Metals and Alloys ” (1936). 

Indentation Hardness and Atomic Closeness 

Whilst reciprocal compressibility gives a measure of 
the interatomic forces acting between atoms, it is not 
necessarily the property which one directly associites 


2 W. Hame-Rothery and G, Raynor, Phil, Mag, 1938, 26. 12%. 
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with the technical quality of hardness. The latter has 
come to involve plastic as distinct from elastic displace- 
ment, so that the hardness of metals is generally deter- 
mined by permanent indentation with the Brinell ball 
or some other rigid tool. An extensive search has 
therefore been carried out for diamond pyramid or 
Brinell values of the elements, reference being made to 
Van Arkel’s “ Reine Metalle,” the ‘* Metals Industry 
Handbook *’ (1942) and other sources.* The best of the 
results have been plotted in the Periodic Table of the 
metals given in Fig. 2, the principle employed being to 
adopt the lowest hardness value that could be found, 
provided that there was no suspicion of porosity in the 
specimen tested. This principle tends to eliminate 
impurity and cold-work effects. but the points plotted 
for some of the elements probably involve irregularities 
due to differences in crystal grain size of the test speci- 
mens. The ‘ ultimate hardness number” (P,) would 
have been the best value to employ, but published results 
on this basis are scarce. 


Fig. 3 Diagram suggesting how an indenter crumples 
ind shears the crystalS against which it is pressed. 
(Exaggerated 


It will be observed that indentation hardness generally 
corresponds in periodic form with the reciprocal elastic 
compressibility when both are plotted against atomic 
number. The main difference occurs when the metal- 
loids are reached ; the plastic hardness then generally 
indicates greater resistance to deformation than the 
elastic hardness. This is probably due to their more 
complex crystal structures, which limit the facility of 
the crystalline gliding process compared with that in 
the typical metals. We are thus again led to considera- 
tions of crystalline form in relation to hardness, for the 
abnormally high indentation resistance of manganese 
(Mn—No. 25), compared with its reciprocal com- 
pressibility appears to be due in great part to its very 
complicated crystal structure. Fig. 3 represents dia- 
grammatically the way in which an indenter crumples 
and shears the crystals against which it is pressed, by 
producing glide upon their atomic slip planes. If they 
have a simple structure with spacious, well-defined slip 
planes, or slip ‘‘ avenues,” it is easy to appreciate that 
initial resistance to deformation will be low. In a com- 
plicated structure there will be repeated bends in the 
venues. Similarly, if the number of crystals in the 

+ M rs ** Che mistry, ’ Gmelins Handbuok : CG. Edwards. Q Inst. Metals, 

418, 20, 87; “The Metal Tantalum " (Fansteel Metallurgical Corporation, 


). Winkler. Z. Electrochem,, 1943, 49, 221; “ Principles of Physical 
ry.” Doan, 1935, 
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deformation zone is small, then less crystal boundary 
interference or disregistry will be present to impede 
the slipping process in the mass. In this way the lower 
Brinell hardness number of a coarse-grained metal can 
be accounted for. 

It is worth considering in more detail the hardness of a 
group of elements such as that given in Table I. These 
all have the diamond type of atomic packing, and also 
have four valency electrons per atom. 

TABLE I, 


HARDNESS OF ELEMENTS WITH 
THE DIAMOND STRUCTURE, 


INDENTATION ATOMS PACKED IN 


Tin (Sn). 
Germanium 
(Ge). 


Silicon 


Diamond 
(Si). : 


(CC). 
(Beta) 
White.* 


(Alpha) 
Grey. 
Atomic No, (i.e., total 
electrous per atom) 
Atomic volume (atomic 
wt. /density) 
Atomic closeness 


Reciprocal compress- 
ibility, x 10* 

Indentation hardness 
(kg./sq. mm,) ... 


0-71 


190+ 900F 


A Angstrom Unit 107* em, 

* This allotropic form which exists at 20° C, has a tetragonal packing with 
crystalline axial ratios corresponding with a highly distorted diamond structure. 

+E, Gebhart, Z. f. Met., 1942, 255, 

} Adjusted from results by F. Schultz and H. Hanemann. Z. f. Metallkunde, 
1941, 33, 124. 

$ Adjusted from results by Knoop, Peters and Emerson. U.S. Jnl. of Res., 
1939, 28. 39. 


, 255 


In the diamond type of structure there is the possi- 
bility of special cohesive forces, for each of the atoms 
has four valency electrons and shares one with its four 
neighbours. A stable group of eight electrons is thus 
built up which may have linkages resembling those of 
chemical combination. The ratio of valency electrons to 
total electrons per atom increases with the hardness in 
this group, and the ratio is probably related to the 
atomic diameters. The range of hardness covered by the 
elements in Table I is extraordinary, and the figures 
lead one to support the view of Goldschmidt that in- 
creased atomic closeness plays a large part in giving 
increased hardness. 

The effect of this variable has been isolated by plotting 
results according to Fig. 4. The indentation hardness of 
the metals ; the closeness of atomic approach for three 
types of structural packing ; and the various numbers 
of valency electrons present in the free elements are all 
represented. Valency values for the free elements as 
distinct from crystal assemblies have been used, as they 
are not always known with certainty for the latter state 
of affairs. It is evident that hardness increases with 
closeness of atomic approach until the latter reaches a 
value of 1 /d =0-37 A. Beyond this the hardness falls, 
and the suggestion is here made that after this stage 
repulsive forces at work between the atoms begin to 
exert a greater influence. 


Structural Analogies 

The engineer or metallurgist who is not familiar with 
the details of atomic physics may wish for some rough 
analogy by which to visualise the mechanism of metallic 
cohesion as outlined above. If so, an experiment by 
Osborne Reynolds‘ with a rubber bag containing some 
water and fine shot or clean sand may be recalled. If the 
bag is filled so that air is excluded, then its resistance to 
deformation depends entirely upon the amount of water 


4 Osborne Reynolds. Phil, Mag,, 1885, Dec, 





246 METALLURGIA 


The water represents 
of sand, 


which is present with the sand. 
the valency electron matrix round the “ ions ”’ 


and its degree of concentration affects the rigidity of 


the system. With an excess of water there will be con- 
siderable plasticity, but a proportion can be reached at 
which the bag becomes hard and rigid. 

The present writer likes to make use of a more homely 
analogy, involving the consideration of cherry conserve. 
The round hard stones of the fruit correspond with the 
positive atomic nuclei, and their fleshy coatings com- 
plete the idea of an ion. Not all ions have their electron 
shells arranged with spherical symmetry, and the 
elongated lattices of zinc and cadmium should be repre- 
sented by plums rather than by cherries. The cherry 
ions then cohere together by the binding effect of the 
sticky sugary matrix'in which they are * set.”” Such an 
assembly has properties of elasticity, ductility and creep, 
and its hardness will partly depend upon the extent 
to which the matrix has congealed or become ** candied.” 
If we can do something to “ dry-up”’ or concentrate 
what corresponds with the binding electron matrix we 
thereby increase the hardness of the mass. Metal- 
lurgically, such “* concentration > may be achieved by 
adding something to alter the valency proportions, and 
this leads to a consideration of metallic solid solutions. 


Metallic Alloys 

Certain alloys consist of intimate mechanical mixtures 
of their constituents, and the mechanical properties 
follow simple rules appropriate to such aggregates. On 
the other hand, if a smail amount of metal A is melted 
with another metal B, the latter will sometimes act as 
its solvent after solidification. The final result is a solid 
solution alloy, and in the simplest case its crystals will 
have the same type of atomic packing as crystals of pure 
solvent metal B. Atoms of A will, however, have 
‘substituted ’* themselves at random for some of the 
parent B atoms, so that local lattice distortions are 
required to accommodate the solute atoms, and the 
mean size of the space lattice becomes changed. Recent 
hardness research on solid solutions shows that 
(@) Ultimate hardness (Pu) K (lattice distortion)* ae Ref. (5) 


(>) Do K (increase of lattice stress due to 
distortion) ; oa (6) 


For equal atomic amounts of dissolved metal 


(c) Increase of (Px) K (increase of lattice size) . ( 

(¢) Increase of diamond hardness by K (increase of hardness of the solid 
solid solution effect, solution by subsequent cold work). .(8) 
As regards (a) and (6), the results apply up to 5 atomic 
per cent, of solute metals from the same row of the 
Periodic Table. Expression (d) means that a metal 
having the power to cause great solution hardening also 
endows the alloy with great work-hardening capacity. 
Besides the complication of accommodating dissolved 
atoms of a different size on the parent lattice, there is 
the behaviour of the negative electron matrix to con- 
sider. Alloying with various metals will add various 
amounts of valency electrons, and the original electron 
concentration may thereby be altered. We must expect a 
limit to the extent to which these additions may be 
made, and Hume-Rothery has shown that as the ratio 
of valency electrons to atoms in the solid solution reaches 
certain values, so the erystal structure changes to 


5 J. Frye ar WwW. ume-Rotbery, Roy ¢., 1942, ISLA, 
é J, Frye, J und RK. Treea, ALM.E, uh, 157 

i J. Frye mm, A.1.M,1 Tech. 

8 R, Brick, D, Martin, RK, Angier, 7. Am 
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certain types. According to his “ electron concentration 
rule ’’ the various intermediate alloy types (phases) in 
very many sets of alloys may be characterised by a 
definite ratio of valency electrons to atoms. Each definite 
ratio gives the prototype of the corresponding structure, 
but electron concentrations within limits above and 
below the exact basic ratio will still give the proper 
phase structure. These phases will have different 
hardness values which are partly determined by the 
electron concentration of the phase. The nature of the 
atomic linkages or cohesion is altered by alloying, as 
though the electron matrix becomes * congealed ’’ and 
the metal behaves more like a chemical compound of 
low ductility. 

Indentation values for the copper-zine alloys are given 
in Table II. From the top downwards we have hardening 
by zine dissolved in copper, whereas from the bottom 
upwards the system becomes hardened by copper dis- 
solved in zine. It is in the middle regions that maximum 
indentation hardness will occur, and we find it asso- 
ciated with the so-called *‘ gamma ”’ brass structures. 
Thus at 62°, zine the very complicated cell of the spatial 
structure is shown by X-ray analysis to contain four 
clusters of 13 atoms. In each cluster five coppers are 
linked with eight zines to form a unit of Cu;Zng. Each 
copper atom contributes one valency electron to the 
structure, and each zine atom gives two, so that the 
number of valency electrons in the unit cell is 21. The 
ratio 21 : 13 is an electron concentration typical of hard, 
brittle *‘ gamma ”’ alloys, sometimes known as * electron 
compounds,’ ’—e.g., CugySng, CugAly, Ag;Zng, Nag, Pbg. 


TABLE II, 
ALLOYS OF COPPER (Cu) AND ZINC (Zn). 


Copper Electron Brinell | Reciprocal 
(Weight), Structural Formula. Concen- | Hardness,') © ompress- 
a tration. Kg. ibility 
Sq. Mm, 10." 
1-0 10 1-39 
‘ ace-centred cubic pac king. 
Alpha solid solution 
Face-centred cubic packing, 
OusZng.. 
Alp yha solid solution cues 


Cu Zn . 
Beta soli 1 solution. 
Body centred ¢ ubic packing. 
Annealed—i.e., ‘ orde a cc 
Q.450° C., unaged, “disordered * 
Cu 1,205 ee wanes 
Gamma solid solution. 
Complicated gamma structure 


“Ou aay ° 

Hexagonal close. - ked. 
Zn : Zn 

Hexagon ial close- pi ac ked. 


'O. Bauer and O, Vollenbruck, 7. Metallkunde, 1927, 19, 86. 

4 ee rted from Rockwell G values of the special e xpe riments of C, = 
IL.M.E. Metals Technology, Oct., 1942. 
et a : tridgman. Pree, Am, Ac ad., 1934 35, LXX, 285. 

*R. Mehl, A.LM.E. Tech. Pub. $7, 1928. 
* From Int. Critical Tables. Bridgman gives values of (}-77 to 5-26, deper 
upon orientation. 


A. 


The right-hand column of Table II reveals that the 
reciprocal compressibility (‘* elastic hardness”) in this 
series of solid solution alloys does not change in the same 
way as the indentation hardness. It decreases con- 
tinuously as the zinc content increases, whereas the 
Brinell hardness rises and passes through a maximum. 
We could imagine that whilst the “ openness ” of the 
structure and its compressibility increase continuously 
with additions of zinc, yet the hindrances to gliding 
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because of structural complexity in the intermediate 
alloys cause increased resistance to indentation. 

The following examples are reported where these same 
two “hardness’’ properties and electrical resistivity 
appear to run along different courses :— 


Electrical 
Rests sistivity. 


Brinell 
Hardness. 
Passe os through Inc reases 

maximum 
Increases 
Increases 


Reciprocal 
Compressibility. 
Solid solution alloying ....| Changes 
continuously 
No change 
No change 





Increases slightly 
Possibly very slight 
increase. 

Increases 


Cold working 
Crystal grain refining .... 


Quench -hardening of steel 9) No change Increases 


As regards cold-working and also grain refining, the 


indentation hardness result depends upon the type of 


testing procedure. The Brinell method is a very arbitrary 
one, and supposing that the “‘ Pressure of Fluidity ” had 
been used instead, there would have been no increase 
in observed hardness values with these two applied 
treatments. Although the divergence of results would 
thus disappear, there is no doubt that increased 
resistance to flow is set up by cold-working. There is 
also no doubt concerning the greater absolute hardness 
of martensite in querched st el compared with che 
original pearlite, representative values for which are 
given in Table III. 


9 R. Mehl, 





1928. Tech. Pub, 57; J. Am, Chem, Soc., 1928, 50, 55, 
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A New Trainer Aircraft—The Proctor 


Designed by Percival Aircraft, Ltd., 


to an 
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TABLE IIt. 
H ARDENING OF STEEL. 


Diamond 
Pyramid 
Hard ness, 
Kg./S8q. Mm, 


Constituent. Crystal Structure. 


Body centred cubic | 50 
Orthorhombic 820 
(c) 0-9% carbon pearlite Mixture 95% (@) and 5% (0).... 300 
(d) 0-9% carbon martensite (supe! t-| Body centred tetragonal with | 900 
saturated solid solution of C atoms in the interstices | 
carbon in iron). between Fe atoms, 


(a) Iron (very pure) 
(6) Iron carbide Fe,0 


The increased hardness of martensite over pearlite 
must be partly due to the creation of a solid solution 
matrix in place of one of soft pure iron. Furthermore, 
this solid solution is unusual in being both supersaturated 
and interstitial. The tetragonal structure as such is not 
necessarily associated with hardness (ef., indium), but 
a recent X-ray study'® has suggested that the iron 
atoms in martensite do not lie in an exactly regular 
arrangement on the tetragonal lattice. If the widely 
scattered carbon atoms in the interstices can thus cause 
disregistry or irregular locations of the iron, one can 
imagine “ keying ” effects which will greatly hinder the 
gliding process. The tumblers in a cylinder lock, or the 
pawls in a free-wheel, are crude analogies which come 
to mind. It is noteworthy that a hardening process 
well known to the ancient Greeks should not have yet 
received a complete scientific explanation. 


10 H, Lipson and A. Parker. J. Jron and Steel Institute, 1944, I. 


IV 


Air Ministry Specification, as a wireless 


trainer for the Royal Air Force and the Air Branch of the Royal Navy, the Proctor IV 


is a successor to the Percival Gull and Vega Gull. 


The Ministry of Aircraft Production 


has released some constructional information regarding this new trainer, on which this 


article i 


HEN the war came the Percival Vega Gull was 

chosen by the Air Ministry for conversion to 

Service use. Known as the Proctor I, II or 
III, according to its duties, it has been used for training 
or communications by all three Services. The new 
trainer, although somewhat similar in appearance to the 
earlier Proctors, is actually a completely redesigned 
aeroplane, both from the aerodynamic and structural 
point of view. In order to emphasise the difference it 
was officially known, for a time, as the Preceptor ; but 
it was later decided that it should be known as the 
Proctor IV. 

It is a three-seater low-wing monoplane, which, com- 
pared with the earlier Proctors, has a longer and deeper 
fuselave with the tail plane set higher in relation to the 
wing. From an operational point of view it is much 
improved by the wider and deeper cabin and by the 
lower engine cowling line. This aircraft has been 
specie ly designed to carry the full equipment necessary 
for training wireless operators of our big bombers, but 
the possibility of other uses bas been kept in mind from 
the outset. It has a wing span of 39 ft. 6 in. and a 
lengt). of 28 ft. 2 in. 

General Construction 
used for the main structure with metal 
joining the various components together, and 


Wood is 
fittin 


is based. 


plastics are used for a large number of non-stressed and 
lightly stressed parts. The wing is in three sections. 
The,centre portion of parallel chord and thickness carries 
the ‘undercarriage units and is bolted to the bottom of 
the fuselage. The outer wings taper in chord and thick- 
ness and are attached to the centre section by stainless 
steel fittings. 

The fuselage is built up with four spruce longerons, 
ply-wood sides and preformed ply bottom skin. The 
tail plane is a complete cantilever ; it is secured to the 
fuselage by bolts. The elevator is diagonally braced, 
ensuring a very stiff control surface, and a trimming 
tab is fitted on each side. The fin is of similar construc- 
tion to the tail plane, while the rudder is constructed in 
a similar manner to the elevator and has a horn 
balance at the top which houses the mass balanced 
weight. 

The undercarriage comprises a long travel unit, 
positioned under each end of the centre section, giving a 
wide track (9 ft. 9 in.). Each unit consists of a cantilever 
compression leg, incorporating steel springs and a 
hydraulic recoil damper. The leg is attached at the top 
to a casting which is bolted to the front spar. A stream- 
lined fairing from the underside of the centre section 
merges into the wheel fairing. A mud-guard is fitted in 
the rear of the wheel fairing and medium pressure wheels, 
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with Bendix mechanical 
brakes, are used. A pneu- 
matic tail wheel is attached 
to an aluminium alloy 
rocker-arm hinged from the 
bottom of the sternpost. A 
steel spring is used as a 
shock absorber, the recoil 
being damped by a Ferode 
band. 
Power Plant 

A de Havilland Gipsy 
Queen II engine of 210 h.p., 
driving a de Havilland 
constant-speed propeller, is 
mounted in the nose of 
the fuselage in rubber anti- 
vibration blocks on tubular 
steel bearers. The ignition a 
system is fully screened. A a 
vacuum pump is fitted for 
the operation of the blind- 
flying instruments. A large generator is driven by the 
engine through the medium of a flexible drive. The 
cowling comprises four parts, the nose panel, undet 
tray, and two side panels, which are hinged and give 


Bauxite in Tasmania. 

THE occurrence of bauxite in Tasmania has been 
established,* and although the average material is 
not regarded as high grade, proved and potential re- 
sources indicate a substantial volume of ferruginous 
bauxite commercially suitable for the production of 
aluminium. Deposits at Ouse, Campbell Town, Swansea 
and St. Leonards have comprised the major set-up for a 
survey of known bauxites. The Ouse deposits offered 
the best advantages for immediate development, and 
this area was selected for the purpose of fixing the 
initial objective of a minimum economic quantity of 
commercial ore. Prospecting and other investigation 
work in the Campbell Town, Swansea and St. Leonards 
areas has indicated that bauxite suitable for the pro- 
duction of aluminium occurs over extensive tracts of 
country distant from the Ouse deposits. Collectively, 
these deposits may yield a large quantity of ore, but 
development work is necessary to determine grades and 
volumes and to isolate blocks of commercial bauxite. 

In one area of the Ouse district investigated the bauxite 
occurs as a lenticular crust over an area of about 
220,000 sq. yds. and with a thickness ranging up to 
approximately 19 ft. The surface gradient is a little 
less than 6°. The overburden is generally less than 3 ft. 
and rarely in excess of 6 ft. The calculated volume in the 
inner area of this deposit is 500,000 tons of an average 
value per foot of sample of 41-2°, of available alumina 
and 3-2°, of free silica. Although the fringes of this 
deposit may provide a slightly less average grade than 
the inner area, selective production from them should 
provide an additional 100,000 tons of commercial ore. 
In three smaller deposits on this area, the available 
bauxite has been assessed at 75,000 tons, making a total 
of 675,000 tons of proved and probable bauxite on this 
area. 
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The Proctor IV wireless trainer in flight. 


complete access to the engine. A 20-gal. fuel tank 
is mounted in each outer wing, while a 3-8-gal. oil 
tank is mounted in the leading edge of the centre section 
on the port side. 


Deposits of bauxite, which collectively contain a 
considerable volume of ore, also occur in several other 
areas in this district. On the whole, the position of the 
Ouse is that the aggregate importance of the unexplored 
deposits is at present indeterminate, but they are 
sufficiently widespread to encourage the belief that the 
potentialities of the district are not less than 2,000,000 
tons. 

Deposits of bauxite in the several other districts 
mentioned are under investigation. 


Welding Aluminium and its Alloys 
The Electric-Arc Process 


Tue technique of welding aluminium by the electric- 
are process diffeis from that used in the welding of 
mild steel, and notes for the guidance of those interested 
in the welding of wrought aluminium and aluminium 
alloy castings have been prepared, and are contained 
in a folder recently issued by Murex Welding Processes, 
Ltd. The principal advantages claimed for the metallic- 
are process for welding aluminium are greater speed of 
welding and reduced distortion. It is generally known 
that the heat-affected zone immediately adjacent to the 
weld is highly susceptible to corrosion, and arc welding 
is claimed to localise this heat-affected zone to very 
narrow dimensions. 

Information is given in these notes on suitable 
electrodes and their storage ; the preparation of edges 
and setting up of parts to be welded ; preheating ; the 
welding operation and subsequent finish. Data are also 
given of the gauge of electrodes, current range, and 
recommended plate gap for material of specified 
thickness. 

Copies of these notes are available on application to 
Murex Welding Processes, Ltd., Hertford Road, Waltham 
Cross, Herts. 
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RIMMING 


METALLURGIA 


STEEL 


An Examination in the Carbon and Oxygen Relationship 
in the Solidification of Basic Open-Hearth Steel 


By T. Swinden, D. Met., W. W. Stevenson, F.1.C., A.M.I.Chem.E., 
and G. E. Speight, B.Sc., A.I.C. 
Following some experimental work on five casts of rimming steel, in the range of pit sample 


carbon analyses 0-04-0-14%, a study has been made of the variations in carbon and 
oxygen in relation to the balanced composition as modified by the presence of manganese 


and the effect of pressure. 


This work is contained in a paper presented for discussion to 


the Iron and Steel Institute, extracts from which are given here. 


the examination of rimming steels are discussed 

in the light of the ‘ balanced’ composition 
hypothesis of Hultgren and Phragmén. These in- 
vestigators may be said to have placed the study of 
rimming steel on a quantitative basis. In addition to a 
study of the many aspects of the rimming action, they 
postulate the ability to predict from the knowledge of 
its carbon content the progressive changes in composition 
expected to arise from the freezing of rimming steel. 
Hultgren and Phragmén’s hypothesis is directed towards 
the changes in the liquid metal, and they suggest that 
at a given concentration of carbon and oxygen—termed 
the “ balanced ” composition—both elements will remain 
constant in the liquid metal during the progressive 
freezing of the rim zone so long as gas is being freely 
evolved. For higher carbon contents than the balanced 
composition, carbon will increase and oxygen decrease 
progressively in the liquid metal, while the converse 
will hold for metal of carbon content lower than the 
balanced composition. The latter, in the view of 
Hultgren and Phragmén, is probably not far removed 
from carbon 0-06%, oxygen 0-04%, and certain con- 
firmation of these figures is found in the earlier work 
of Dr. Swinden. 


R tteex papers to the Iron and Steel Institute on 


In addition to discussing recent investigations in the 
light of the balanced composition hypothesis, comments 
are made on the effects of manganese and pressure 
on the value of the balanced composition, and the 
authors suggest that, owing to the effects of pressure, a 
single balanced composition does not exist for all parts 
of the same freezing ingot. 


Present Investigation 


All the work so far carried out on the Hultgren and 
Phragmén hypothesis has been done by the indirect 
method of approach. Solid steels have been examined, 
in their different zones, after freezing, whereas the 
Hultgren and Phragmén course of the change refers to 
the liquid metal. The present work has also employed 
the indirect method and consists of the examination of 
ive casts of rimming steel, of pit-sample carbon contents 
between 0-04 and 0-14%, the objective being to cor 
relate pit sample carbon and oxygen contents with rim 
and core carbon and oxygen contents in relation to the 
balan. ed composition. The evidence presented is of a 
limite’ nature, but it does serve to throw more light on 
the t cory and practice of rimming and gives useful 


data on the correlation of carbon and oxygen in rimming 
steel. 

Sampling Procedure.—Five typical rimming-steel casts 
were sampled in the Templeborough Melting Shop of the 
United Steel Companies, Ltd., by a modified ‘‘ bomb ” 
technique.’ The samples were taken in the usual pit- 
sample test mould, filled with a crumpled mass of 30- 
gauge aluminium wire (weighing 10 g.), from the stream 
of liquid metal leaving the ladle nozzle. Sound and 
reasonably homogeneous samples were obtained, and it 
was considered that the state of equilibrium between the 
carbon and oxygen presumed to exist in the ladle metal 
would. be preserved in samples taken in this manner. 
Three such samples were taken from each cast repre- 
senting the beginning, middle and end of the ingot- 
casting period. Details of the charges and cast histories 
of these five heats are given in Tables I, IT, III, IV and 
V. The low-carbon cast was pcured direct, the other 
four casts being poured uphill. 

Four of the casts were processed to slab and one to 
2 in. square billet. Samples from the middle of an ingo: 
from each of the three plates corresponding to the pit 
samples were obtained. 

Chemical Analysis.—Oxygen (by the vacuum fusion 
method) and carbon determinations were made on all 
the pit samples, with results as given in Table VI. 
Oxygen and carbon were also examined on the slab and 
billet samples at two positions :— 

(a) Midway between the edge and the rim-core 

junction ; 

(b) Midway between the rim-core junction and the 

centre. 

The results obtained are shown in Table VII. 

Metallurgical Examination.—The full cross-section of 
the small billet and small slab was sulphur-printed. 
On account of the large flat section of the other three slab 
samples, the half cross-section was examined by sulphur- 
printing, with the following observations :— 

Cast 31/979 : 2 in. square billet section. Junction 
between rim and core clearly marked. 

Cast 29/9106 : Evidence of double rim. Junction 
between rim and core not clearly defined. 

Cast 27/6293 : No evidence of double rim. 
core junction clearly marked. 

Cast 30/4918 : No evidence of double rim. Rim- 
core junction less marked than in cast 27/6293. 

Cast 35/7407 : No evidence of double rim. Rim- 
core junction slightly less marked than in cast 
30/4918. 


Rim- 
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rABLE I. TABLE III. 





























ad teatime a as anmeies — — BASIC OPEN-HEARTH RIMMING STEEL, CAST No. 27/6293, MADE 
s tp NG STEEL ST No, 31/979, ¥ \ 3 aevEn erTEOW Lv arr —— ” 
a ee DECEMBER 9 1942, FURNACE DETAILS." 
Composition. Composition. 
Chew Weight. Charge. ; i Weight. 
Mn. | si, | 8 | F al ie bi 
9 "0 % 3 Ae Ae a ee 
F we p -_~ ie —— . Tons. Cwt Tons 7 
iro 1-0 | 0-8 | 0-07 | 1-5 Se oa On Basie iron 1-0 | 0-8 | 0-07 | 1:5 2 22 
iain tom 1-25 | 0 05 0-3 10 5 23 Scrap 0-6 0-15 | 0-05 | 0-05 62 4 62 i 
Scrap 0-6 | 0-15 | 0-05 | 0-05 63 «13 6313 Lime se : ie nis a 3 4 3 
Lime _ - l 6) Fluorspar . ex - — — ome 5 ij 
= 7 *2 Total 8 
rotal 91 10 rT ‘i eee eg “5 
Analysis. 
oe , — , = 7 aa - sme ——-" | ws, | Furnace ‘Temp 
Analysis, Details of Heat. se > Fe in |SiO, in Time, Time. ; , 
o oe’ | o o,’ | Slag, | Slag, 
Detui Heat < , | Furnace | Temp, ” ” ” - %. %. 
Cc. Mn, = Pr * ng a rime, rime, C. = vaa\ 
| % Hr. Mis 
Commenced charg- 
: ing 06-20 
p ; ’ » ees Hr. Min Finished charging .' - 11-50 5 30 
se - —— Clear melted ... - 15-50) 9 30 = 
re on > Ist bath sample 0-46 5-5 19-0 _ 
ee ee ‘ gd la Lime added, 53 ewt. 15-50| 9 30 
uO wT pope ’ ’ o> 5 2 Spar added. 7 cwt. a 
; eer vay ’ Ore added, 40 ewt. 16-05, 9 45 
cen + tt gh pt Scale added, 10 ewt. - 116-101 9 50 
I r adie 7 2nd bath sample 0-24 17-9 16-40) lo 20 
ml y _ 3rd ../ O-19 17-00' 10 40 
Bangi A Immersion temp . 17-20! 11 00 1603 
Se ae : , ith bath sample 0-17 | 0-13 10-037/0-025 17-26! 11 oo 
A butt ~ 15-0 th “ 35 sth 0-07 17-32) 11 Ww 
t " a “ he im ad 
ith 0-12 | 0-13 0-031 0-025 10-50) 11 15 | 1585 Vapped : 18-00) 11 40 
ith 0-05 i 11-10) IL 85 | 1605 Tapping slag : : Ot 
niet y , Ladle additions: Ferro-mangnaese, 7 ewt.: aluminium, 
Tapped Ll-20) IL 45 20) Ib 
Cee Apa eel ge he = Mould additions : None. 
— i . . P t of aluminium per ton added jus Method of teeming: Cast uphill. 
” . “ , . om. a, iliac ies aaa Cast analyses 
aes SS BOGS, COSTES Preent Ist pit sample 0-075) 0-30 - ; 
Cast analyses ond 0-075; 0-30 0-031/0-015 ) 
peta as 4-4 b+ ae 0-075) 0-28 |0-031/0-017, — . 
Snel ie 0-04 0-10 10-0384 0-018 
ird 0-04 0-10 6-096)0-019 
TABLE IV. 
BASIC OPEN-HEARTH RIMMING STEEL, CAST No. 30/4918, MADE 
NOVEMBER ll, 1942. FURNACE DETAILS, 
rABLE LU, " = : 
ASIC OPEN HLEARTH RIMMING STEEL, CAST No, 29/9106, MADE NOY, 4 . is 
ive, FURNACE DETAILS, Composition. ¢ 
Charge. ae Weight. n 
Composition, Mn, Si, Ss, P, : 
o. o% %. % ls 
Charge Weight, - - — —— ——_—__—_———- — d 
Mn si 5, Pp. Tons, Cwt. Tons. Cwrt. 
0 0 o Basic tron 1-0 0-8 0-07 | 1-5 3 3) ”" ‘ T 
--- Indian iron 1-25 | 1-1 0-05 | 0-3 7 3 - : 
rons, Cwt, rons. Cwt Scrap 0-6 0-15 0-05 | 0-05 4 7 64 7 
Ihe iro 1-0 0-8 0-07 1+} 22 2 22 9 Lime - — } 5 . 
Sera] 0-6 0-15 | 0-05 | 0-05 61 11 él 11 Fluorspar . _ 5) P 10 I 
1 inne 3 3 ; th 
Fluorspar 13 ° Total 88 3 ra 
Total 87 ” , Eee - re 
Analysis, . 
; 
Analysis, Details of Heat. an _ | Furnace Temp. . 
an C, | Mn,| §&, P, | Fe in |SiO, in Time. | ‘Time. { eq 
Details of Heat Fe in SiO rime, | Furnace | Temp. %o- | a | Yo | %- | Slag. | Slag, 
‘ Mn re P ein 10, In Time. ©. on ° 
c 0 Slag, | Slag, : - oe =e ae ; oe. Ri 
g vo Hr, Min th 
~ - - on Commenced charg- - 
Hr. Min, ing _ 22°45 - ba 
Commenced chare Finished charging - 04-00 6 15 - . 
ing ' 00-10 - Clear melted ; — — _ 10-30 11 45 - pr 
Finished charging 06-00 5 BO Ist bath sample 0-17 - 6-0 | 12-5 — tic 
Clear melted 09-47 9 37 Lime added, 25cwt.) — ~~ -— _- — - 10°35 11 SO _ 
Ist bath sample 0 — 5S | 18-2 Spar added, 10 ewt. - - — - Sta 
Lime added, «1 ewt 09-50 9 40 2nd bath sample 0-13 | 0-17 0-037,0-010| 15-0 11-25 12 40 3 . 
Spar added, 11 ewt 10-10) 10 00 Immersion temp. - - 11-35, 12 50 | 1605 ter 
Scale added, 30 cwt 10-20 10 1 3rd bath sample 0-11 — - 11-42 12 57 = dec 
2nd bath sample 0-12 13-5 11-30 11 20 Tapped - - - 11-50 13 05 
Immersion temp 11-45| 11 35 | 1613 Tapping slag - - -- 17-0 | 11-0 - - alt! 
ird bath sampk O-14 | 0-14 0-044/0-025 ll BO Ladle additions: Ferro-manganese, 9 cwt.; anthracite e 
ith 0-11 ll 55 coal, 72 Ib.; aluminium, 3 Ib, nt 
th 0-09 12 06 - Mould additions: None. Se 
6th ; 0-07 12 #17 o~= Method of teeming: Cast uphill. I 
luumersion tem] 12 20! 1614 Cast analyses : pol 
Tapped - 12 25 Pit sample 0-12 | 0-52 0-035,0-022 - = 
Capping slag - 16-5 —_ : _ 
Ladle additions: Ferro-manganese, 7 cwt Juminium, et a ca oa as has tla 
20. Sulphur prints revealed certain differences in the tha 
Mould additions rm . .  # . . 
Method of teeming : Cast uphill proportion of rim to core ; consequently this ratio has I 
ae coe oan leealeeele-enl : 7 ss been calculated and is given, together with an abstract fins 
a : i of the carbon and oxygen date, in Table VIII. -_ 


M-rcn, 1944 METALLURGIA 251 














TABLE V. equilibrium constant (O) x (C) should be achieved in all 
Bas! OES DECEMBER 18, 1042 "FORNAC DETAILS 39/7407, MADE ——_ cases in the absence of association or dissociation. The 
- ——-  - —————_ product will, however, be affected by the subsequent 
Composition. treatment of the metal in the ladle, in one of two 
aan a sc See a Weight. directions, by :— 
. cletle (a) Aluminium treatment ; 
-— iff. £.. t..., fens, Ova. Teun, Ont (b) Carbon addition. 
Basic iron ..++-++- 1-0 | 0-8 | 0-07 | 1-5 6 610 21006 : sit et hea 
Cost metal CT] 0-8 | O-ts | 0-08] 0-05! eu . & The effect of an aluminium addition is to remove part 
MB ccccceceeeeel — | — | — | — 3 8} s 8 of the oxygen content from the sphere of reaction, and, 
— om al rw — on subsequent flotation of alumina particles, the residual 
—=—a 6» oxygen content will be less than that required for 
as — tai caine ————= saturation. Consequently, the product (O) x (C) will 
Analysis be lower than the equilibrium constant for that particular 
Details of Heat. c Mn Py i a Fe ry SiO, in Time. | F Time = temperature. ar - 
o” | op? | of | of | Slag, Slag, } The effect of the addition of carbon to metal in 
a ee ee. | _____ equilibrium with respect to carbon and oxygen increases 
y \Hr. Min. the concentration of one of the reactants. Hence, to 
— nd on ee eo or em ee a maintain the equilibrium, the oxygen content must be 
ones | —|—-i-|-|-|- 8s | ‘fi: reduced. However, it is doubtful whether sufficient 
ist bath sample ..| 0-46 — | 2-0] 15-8] — — | reaction occurs in the ladle to readjust the equilibrium 
inewiiak tert) — | —| —|—|—|— |_| = | = _ to new conditions, and the product (0) x (C) will thus 
and beth sample : | 0-44 |— —] — [-e] 6 Oe] probably exceed the true equilibrium value. 
_Wewt. ........) — | — | —"| - - | 11-55) 8 20) — The results given in Table VI illustrate the above 
ee a | i Sl | — he eo effects. Cast 31/979, of low carbon content, shows the 
ith ic tae 0-16 | 0-18 }0-038/0-025) — | — 0) 8 \ _ lowest average value for (O) x (C) (0-00200) coincident 
th bath sample ..|0-11; — | —| —| — - |13-00] 9 25) = with the largest aluminium addition to the ladle. On 
Init additions: Ferro-nanganese, 4jowt.; anthracite | | | | — the other hand, cast 35/7407, with the highest carbon 
uened of tocening : Cast uphill. content, has the highest (O) x (C) (0-00255), and this 
Mould additions : 1402. of aluminium per ton of steel. cast was treated with anthracite. 
it eit empte ..10-28/0-20| — PS Lee Pa — (4) The data presented in Tables VII and VIII, 
= “4 o-eiee 039)0- 025 —|=!]={}| = != | dealing with the composition and extent of the rim and 
. ” = | \ core of the samples, suggest the following comments :— 
ee ee a gee (a) In all five casts the rim carbon is less than the 
Observations on the Results Obtained.—(1) Only in the pit-sample carbon content; in three cases, casts 
casts of low carbon content was an addition of aluminium 31/979, 29/9106, and 35/7407, the carbon content 
made to the ladle. The amount of aluminium so added of the core approximates to the pit-sample carbon, 
is &@ maximum with the lowest carbon content and | whilst in the remaining two, 27/6293 and 30/4918, 
decreases as the pit carbon increases, as shown in the core carbon is greater than the pit sample. 
Table IX. This would indicate that in those steels where the 
(2) The oxygen contents of the pit samples vary core carbon is equal to the carbon content of the 
inversely with their carbon contents, and the product of pit sample, a greater loss of carbon monoxide 
these two concentrations (O) x (C) for the liquid metal occurred during the solidification of the ingots. 
ranges between 0-00200 and 0-00255, the mean Approximate calculation of the mean carbon of the 
; result being 0-00225. This value agrees fairly well sample, based on the distribution in the rim and 
with that due to Vacher and Hamilton,’* whose core, confirms a greater loss of carbon monoxide in 
” equilibrium constant of 0-00247 is generally accepted. the solidification of these three casts. 
, (3) Herty,’ Schenck’® and Schenck, piel cine 


— Riess and Briiggemann!? have determined : 
BASIC OPEN-HEARTH RIMMING STEEL CASTS. CARBON AND OXYGEN 


the value (FeO) x (C) for both acid and DETERMINATIONS ON PIT SAMPLES, 
oe fumeces by a methed dais to he 
present procedure, and Schenck!* in par- | Bath | Oxygen | . 
. open Temp. Mould (by | Car- Product 
ticular suggested that the equilibrium con- cast No.| before | Ladle Additions. Additions. | Vacuum] bon, (O) x (©). 
stant increased with increasing carbon con- Tapping, a . 
5 tent. A similar slight tendency may be ————-~-——_-|-———___|—_|—_-———- 
- ded as -s i 31/979 1,605 55 Ib, aluminium ....; 1} oz. of (1) 0-055 | 0-04 0-00220 ) 
: deduced from the present experiments, aluminium (2)| 0-049 | 0-04 | 0-00196 $0-00200 
per ton (3) | 0-045 0-04 0-00180 ) 


. although the authors would not accept | 

entirely the explanation suggested by 29/9106 | 1,614 | 7cwt. ferro-manganese| No addition (1) | 0-0325 | 0-065 | 0-00211 : 

Sch 20 Ib. aluminium (2) | 0-0285 | 0-07 0-00200 > 0-00215 
enck—i.e., the presence of a dissociated (4) | 0-0325 | 0-07 | 0-00227 


polymerised carbide. It should be stated, a 


- ‘ 27/6293 | 1,603 7 gwt. ferro-manganese| No addition (1) | 0-033 | 0-075 | 0-00247 

howev« r, that Schenck’s work dealt substan- 20 1b. aluminium | Sees | Gees v-00a32 bo 00235 
ee tially with steels of higher carbon contents vig Se af ar 
t ( 30/4918 1,605 9 ewt. ferro-manganese!| No addition (1) |} 0-0175 | 0-115 | 0-00202 

a ban those at present under discussion. Hage nor pny (| 0-018 | 0-13 v-o0216 | 0-o0210 
ot If it be postulated that the metal in the 72 Ib. anthracite (3) | 0-018 | 0-115 | 0-00207 
furnace at the end of the refining period 35/7407 | 1,616 |4}ewt. ferro-manganese| 1} oz. of (1)| 0-0175 | 0-13 | 0-00228 

( , | | 144 1b, anthracite aluminium (2) | 0-018 0-14 0-00252 }0-00255 

more «iosely approaches equilibrium condi- | — per ton (3)| 0-020 | 0-14 0-002 | . 


tions than at any other stage,* then ‘the 








Marcn, 1944 





METALLURGIA 








TABLE VII. The actual loss of carbon (taking the 








BASIC OPEN-HEARTH RIMMING STEEL CASTS. CARBON AND OXYGEN mid-rim and mid-core analyses as the 
DETERMINATIONS ON BILLET AND SLAB SAMPLES. average of the entire rim and core, re- 

- — - — - spectively) is shown in Table X. The 
Carbon Rillet and Slab Samples. results should be regarded as only ap. 

= pif proximate, as the calculations were made 

“0 a ee a” bee on an area (not volume) basis* and the 





mid-rim carbon figure is indicative, 






























~ % 979 2 in. square billet (1) O-O4 R 0-022, O-O15 0-00034 a 
Coat ACNE, SU CUES Sa aa , rather than a definite measure, of the 
(3) 0-04 Mid-core 00-0455 0-040 0-00182 average earbon value across the rim 
Cast 29/9106: Sin IZin, slab (1) 0-065 (a) Mid-rim - 0-035 _ zone. 
b) Mid-core 0-05 - ° ° — 
3)! 0-07. | ty Midarim | 0-015 0-035 | 0-00053 Loss of carbon monoxide in_ solidifi- 
at ae (eel =< te | cation is illustrated graphically in Fig. 1, 
(4) OF ‘ d- “Ue : ° ° “ 
(b) Mid-core 0-07 , in which carbon and oxygen contents of 
Cast 27/6293 ; 15in 1} in. slab (1) O-O75 (a) Mid-rim 0-045 - (a) pit samples, (b) mid-core samples, 
| (b) Mid-core 0-11 ‘ ‘dri - . . " 
@) 0-075 (a) Mid-rim 0-012 0-04 000048 and (c) mid — samples — show ™ 
(b) Mid-core | 0-014 0-10 0-00140 Furthermore, all the three curves are of 
1) O75 ‘ Mid-ri O-O045 . . -. . . 
(b) Mid-core 0-10 hyperbolic form, indicating that, irrespec- 
Is; 14 Igin. (1)|  O-115 | (@) Mid-rim 0-0 tive of the ladle carbon content of rim- 
Cast 30/4018 in fin ) 5 (a) d- 8 : é 
slat (b) Mid-core 0-115 ming steel in the range 0-04—0-14%, the 
@)| O-l (a) Mid-rim | 0-010 0-07 000070 _ s] Ss 2 : f aa I ant 
(b) Mid-core | 9-011 0-16 0-00176 relative contents of carbon and oxygen 
@) 0-115 (@) Mid-rim 0-07 "Ese are cov . , » Ra ey 
S ae ae present are governed by the FeO + ( 
reaction. 
Cast 35/7407 144 in Igin. (LY) = O-15 (a) Mid-rim 0-08 ‘ 
a (b) Mid-core ola TABLE X. 
(2) O-lt (a) Mid-rim o-O10 O-O75 O-OOTS : cai i . i 
(b) Mid-core 0-012 O-14 0-00168 CALCULATED CARBON LOSS DURING 
(4) ole (a) Mid-rim O-005 SOLIDIFICATION (APPROXIMATE). 
(b) Mid-core Olt - ——__—— ——— - 
. Carbon in Pit Calculated Average 
Cast No, Samp'e, Carbon in Section, Carbon Loss, 
TABLE VII ee SO Se 
0-04 0-0235 0-O165 
RASIC OPEN-HEARTH RIMMING STEEL CASTS. RATIO OF RIM-ZONE AREA 'TO 0-07 0-048 0-032 
CORE-ZONE ARRA SHOWN IN THE SULPHUR PRINTS OF BILLET AND SLAB 0-075 0-061 0-014 
, O-l2 O- 106 0-014 
CROSS-SECTIONS, v O-l4 0-106 0-024 

















Pit Sample, Slab Sample. 








Rim-Corv (b) The product (O) x (C) has been ecal- 




























Samgte & Carbon, | (0) _ (0) _— culated for the solid samples. As ex. 
vo (©). Yo © | ; pected, a lower value is found in the 
. Average rim, where solidification occurs under 
Cott tm eamare Sy] 0-04 | 0-00198 | (@) Rim 0-015 | 0-00084 | 1-01! 1-91 conditions of free gasification and normal 
mnt a leo en te | pressure. A higher value is found in the 
: a : a core, where gasification is restricted by 
Cash BOONES; Bin, x SEOs, GE) SS | OS | on we oem | eee) ide lis the external pressure of the solidifying 
ales leni’ | — |! scel metal. The ratio between this value for 
; % sex the core and the rim is very striking ; 
Corte 22085 18 ine x Bhim OY) 9.075. | 0-00232 | (@) Rim 0-04 | 0-00088 — 04 thus : 
nl san lee Ss =— | one (O) x (C) for core 
Cast 40/4918; 14} in, (1)| 0-115 | 0-00202 . ; 1-53) ° (O) x (C) for rim 
1tin, stat (2) 0-12 0O-00216 (a) Rim 0-07 000070 1-481 1-51 
uh enn leat’ =. UL ee 2 is slightly greater than 5 for the cast 
Gnk anieties tine tel om Lome . itn of lowest carbon content, and the ratio 
IQin, slab, (2)} 0-14 | 0-00252 | (a) Rim 0-075 | 0-00075 | 1-13 [1-10 decreases with increasing carbon content 
nen lame’ 2 NT a TS | to approximately 2 in the rimming steel 
of highest carbon content. The value 
of the product (O) x (C) for the core 
FABLE EX. zone is almost constant for all the five 
RASIC OPEN-HEARTH RIMMING STREL CASTS, SUMMARY OF PIT-SAMPLE casts examined, being of the order of 
ANALYSES AND LADLE AND MOULD ADDITIONS. 0-O0OL7. 
: (c) The rim-core ratio as calculated 
Pit-Sample Analysis. Aluminium and Anthracite Additions, from the cross-section of the samples is 
Cast No. also interesting. As shown in Table VII, 
~~ — ~ Mould. the highest-carbon cast has a markedly 
— : ——|— es - smaller proportion of rim, while the low- 
31/979 04 0-10 55 Ib. aluminium 1} oz, aluminium per ton just before ‘ ; 
plating. carbon casts have larger proportions of 
sorees | Sot | S38 | semetemiciem | Be cade rim to core. Pe 
ee ne i ———| "e-This was necessary as only slices were examined and it 
35/7497 0-135 0-29 144 Ib, anthractiec 1} 07. aluminium per ton, was impossible to calculate ‘on a volume basis without 
: having a vertical section of the ingot. 
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Reverting to the question of the balanced composition, 
it is at once evident from the direction of the lines 
P3R3C3, P4R4C4 and P5R5C5 in Fig. 7 that these three 
casts, 27/6293, 30/4918 and 35/7407, respectively, are 
above the balanced composition. The position regarding 
casts 31/979 and 29/9106 is, however, quite different. 
The number of samples available—one pit sample, one 
mid-rim sample, and one mid-core sample—is insufficient 
to give a definite pronouncement. It would appear, 
however, from the indications given by the lines PIRIC1 
and P2R2C2 that these two steels are very near to the 
balanced composition, since the angles subtended are 
almost zero. This would suggest the occurrence of a 
balanced composition : 

(a) at approximately 0-04% carbon, 0-10% 
manganese, and 

(6) at approximately 
manganese. 





0:07°% carbon, 0-34% 


3// 379 

29/9/06 
27/6293 
30/439/8 
35/7407 


0/0 Ol? O14 


A a a a Ge 
0 0-02 004 O006.0-04 
Corbon. %o 


Fig. 1.- Carbon and oxygen relationship in. (a) pit, 
b) mid-core, and (c) mid-rim samples from basic 
,; Open-hearth rimming steel casts 





The effect of manganese on the required carbon for the 
balanced composition is thus strikingly demonstrated, 
and it is interesting to compare these values with those 
calculated by Binnie.* A selection of these is quoted 
earlier. At 1} atm. pressure and nil manganese, inter- 
polation of Binnie’s values shows a balanced composition 
carbon content of the order of 0-055% ; at the same 
pressure and 0-30, manganese the carbon figure is 
raised to approximately 0-075%. 

The inference from these results is that the lowest 
carbon cast examined in the present paper (No. 31/979), 
whilst very close to the balanced composition, should 
actually be below it. In this connection, it should be 
pointed out that all analytical results are reported in 
the paper to the normal limits of accuracy obtainable in 
the laboratories of the authors—i.e., in carbon, to 
0-005°., and in oxygen to 0-0005%; the curves in 
Fig. 7 have been drawn on this basis. Lt is immediately 
apparent, however, that only slight variations in the 
carbon contents of the pit and core samples for cast 
31/979 would alter materially the form of the curve for 
this example; in view of the critical considerations 
involved, further determinations of carbon content in 
these two samples have in fact been made with extreme 
care and accuracy. The mean of seven such deter- 
minations gives the following results on the samples 
from cast 31/979: 


PID Gbrecseqcasesceuss ds cueceee 0-042% of carbon, 
RPGR GNI oo sc cccccceccccccesecess 0-016°% ” 
id-core sample 0-038% 
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Although the differences revealed by these further 
determinations are only slight as compared with the 
normal results of 0-04% for both the pit sample and the 
mid-core sample, they are sufficient to indicate that this 
cast is probably just below the balanced composition for 
the manganese content in question (0-10) and the 
position in the ingot from which the samples were taken. 

The authors are of the opinion that Binnie’s calcula- 
tions regarding the balanced composition and the 
influence of manganese on it are substantially correct. 
Most commercial rimming steels are above the balanced 
composition (and in this respect, cast 31/979 is of 
unusual type), except in those parts of the ingot where 
the metal is under the influence of a high ferrostatic 
head. The influence of ferrostatic pressure must be taken 
into account, and the authors reaffirm the necessity for 
locating the position of the sample relative to the ingot 
in interpreting data concerning the balanced composition. 


The results of the further examination of an ingot of 
rimming steel previously reported on by Binnie* are 
given in an appendix. The oxygen and carbon values 
obtained in rim and core positions of top, middle and 
bottom sections provide additional interesting data on 
ingot position relative to the balanced composition. 
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Measuring and Control Apparatus 


ARISING out of the Meters and Measuring Apparatus 
Export Group formed in 1940, a new Association has 
been constituted, known as the British Industrial 
Measuring and Control Apparatus Manufacturers’ Asso- 
ciation (the B.I.M.C.A.M. Association), under the chair- 
manship of Mr. W. G. Ardley, of Messrs. George Kent, 
Ltd., with offices at 21, Tothill Street, London, S.W. 1 
(T.N. Whitehall 6711 ; Secretary, Mr. E. A. Nash). 

So long as the control of raw materials remains, the 
Export Group will, of course, continue to function. 

The membership of the Association, which is confined 
to established British manufacturers, includes most of 
the well-known producers of fluid flow meters, industrial 
measuring instruments and automatic power and process 
control systems and equipment. 

Its objects are to promote the welfare of the industry 
by the association of its members, arfd their agreement 
on matters of mutual concern in research, development 
and trading, while retaining all the benefits which 
accrue from competition within the industry. 








T a meeting of the Corrosion Committee,’ held in 
A Sheffield on July 26, 1943, it was proposed by 
Dr. G. D. Bengough, F.R.S., and unanimously 
resolved that Dr. W. R. Evans should be invited to 
prepare a summary of the corrosion researches carried 
out at Cambridge University during recent years. This 
invitation has resulted in a paper’ recently presented for 
discussion to the Iron and Steel Institute, which reviews 
researches carried out from 1935. 

As Dr. W. H. Hatfield points out, in a Foreword 
written shortly before his death, the work of Dr. Evans 
and his collaborators in the Corrosion Research Section 
of Cambridge University is too well-known to need 
any introduction to those interested in metallic corrosion. 
The value of his work has long been recognised by all 
concerned with this field both at home and abroad. 
Dr. Evans’ interests have not been confined to any single 
aspect of corrosion, and papers have been published on a 
wide variety of subjects, including the behaviour of 
protective paints and metallic coatings, the practical 
applications of soluble inhibitors and many aspects of 
corrosion testing and behaviour. This review of the 
work dnring the period from 1935 to the present time, 
therefore, is of especial interest and value. 

Since 1935, sixty-four papers and letters representing 
work or thought in the Cambridge Corrosion Section 
have been published. Most of these have been joint 
pepers by Dr. Evans with one or more collaborators. 
Some are published under Dr. Evans’ name alone, and 
several under other names. In all cases, however, there 
has been friendly exchange of ideas between members 
of the Corrosion Section, so that almost every paper 
owes much to persons whose names do not appear under 
the title. Of the sixty-four papers, only nine have 
appeared since September, 1939; for obvious reasons, 
it has been permissible to publish very little of the work 
carried out since the outbreak of hostilities. 

A discussion of work conducted within a limited 
period in a single laboratory would not be intelligible 
without some reference to work carried on outside the 
period and outside the laboratory in question. In- 
evitably, therefore, Dr. Evans makes mention of earlier 
ones from Cambridge, and of papers from other labora- 
tories published during the period under review. In 
the investigations discussed the policy has been to 
study scientific causes and then to apply the results to 
practical problems ; suecess or failure attending the 
applications provides a check on the accuracy of the 
scientific conclusions, 

The electric currents flowing over the surface of meta! 
corroding in salt solution have been measured, and found 
strong enough to account for all or nearly all the attack 
actually produced ; corrosion is only.seen at those 
points which the electrical apparatus indicates as anodic, 
and everything points to an electrochemical mechanism. 


1 A Joint Committee of the Iron and Steel Institute and the British Iron 
snd Steel Federation, reporting to the Iron and Steel Industrial Research 
Council. 


) Paper No, 12/1945 of the Corrosion Committee, Jan, 1944, Advance copy. 


oO pp. 


METALLURGIA 


.Progress in the Corrosion Research 
Section of Cambridge University 
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Numerous measurements of “ probability ’’ and “ con. 
ditional velocity ’”’ have been made, and the distinction 
between these two conceptions clears up many points 
which have hitherto appeared paradoxical; it shows 
why on iron partly immersed in a salt solution the 
water-line zone is immune in the early stages and strongly 
attacked later, and indicates that oxygen is at once a 
stimulator in increasing conditional velocity and an 
inhibitor in diminishing the probability. Sulpbides in 
the metal or hydrogen sulphide in the liquid stimulate, 
under many circumstances, both the probability and 
the conditional velocity ; the presence of copper in the 
stee] or tin salts in the liquid largely counteracts the bad 
effect of sulphur, by fixing it in a stable form. 
Electrochemical principles, borne out by practical 
experiments, indicate that anodic inhibitors may be 
‘* dangerous,” since they localise and intensify attack 
if added in insufficient amounts. An experimental! 
classification of inhibitors as ** anodic ’’ and “* cathodic ” 
has been carried out, and many attempts have been 
made to find an inhibitive system which would be both 
safe and efficient. The latest results are encouraging. 
About 3,000 painted steel specimens have been exposed 


_out-of-doors at different stations, and certain com- 


binations of coats have given good protection over seven 
years in London; the presence of partly removed mill 
scale is prejudicial to good results. New compositions, 
including zine-rich organic paints, emulsion paints and 
inorganic (cementiferous) paints, are being developed for 
special purposes. Laboratory investigations regarding 
the causes of blistering and the anti-corrosive action of 
certain lead compounds are in progress. 

Much work has been conducted on steel covered with 
metallic coats, including galvanised iron and tinplate ; 
the behaviour of the latter in canning varies with the 
composition of the steel bases. 

In researches on corrosion-fatigue, new methods have 
been developed for feeding the corrosive liquid on to the 
specimen, giving a sharp water-line. The results show 
that corrosion-fatigue life can be greatly prolonged by 
contact with zine or by paints pigmented witb metallic 
zine. 

Electrochemical methods of estimating the thickness of 
thin films have been developed and compared with other 
methods. These have been used to study the thicknesses 
of interference colour films, and also to follow the oxida- 
tion of iron exposed at ordinary temperatures (where the 
oxide remains invisible) as well as at higher temperatures. 
Methods have been worked out for transferring the films 
to celluloid. Several theoretical papers have been written 
on the laws governing film growth, and these largely 
academic lines of thought have led to a method known 
as ** selective oxidation,’ which has greatly reduced the 
high-temperature oxidation of copper and the low- 
temperature tarnishing of silver. Despite the apparently 
academic arguments, however, which led to its discovery, 
this principle of selective oxidation appears to have 
many other applications. It may be possible, after the 
end of the war, to apply it to increase the resistance of 
ferrous materials. 








coi 
all 
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Gold 


and Silver Winning by 


Amalgamation 
By Douglas Rennie Hudson, B.Sc., Ph.D. 


(Lecturer in Metallurgy, Heriot-Watt College, Edinburgh). 


Part I.—Historical Development 


For Naiure herself, in my opinion, makes it clear 
that whereas the production of gold is laborious, the 
guarding of it is difficult, the zest for it is very great, 
and that its use is half-way between pleasure and pain, 


alth yap vas olua, woret mpddnrov as 5 xpvads 
yéeveow pev enimovoy Exe: pudaiy Se yareriy crovdhy Se 
peylorny, xpnow St ava uecoy Hdovijs Te Kal Aus. 


Dioporvus SIcuLvs. 


ABSTRACT. 


The development of mining, amalgamation extraction, and applications of gold, silver and mercury 
from prehistorical time, are described under the headings :— 
1. Gotp AND Sitver.—Prehistorical Cultures, Nubian Gold ; Greek and Roman Empires, Minted Metals, 
Ancient Wealth ; The New World. 
2. Mercury.—Occurrence ; Greece and Rome, Density of Mercury ; Other Cultures; Agricola’s Treatment. 
3. AMALGAMS.—Gilding by Amalgams, Gold Amalgamation. 


. THe Mexican Process oF SILVER Extraction.—Mezxico, Silver Amalgamation, Origins of the Process, 


Modifications. 
BIMETALLIC Ratios. 
. Mrntnc.—Early Achievement ; 


Greek and Roman Empires ; 


Water Removal; Pliny’s Treatment of 


Gold Mining, Alluvial Gold Washing, Gaul and Arabia ; Mining by Fire and Vinegar. 


. Uses oF MERcURY IN MEDICINE. 
RETROSPECT. 
and Hellenic philosophy. 


The author's theses are : 


Great progress might have resulted from a blending of Egyptian empirical attainment 


1. Craftsmanship and artistic attainment in the prehistorical cultures—Assyrian, Egyptian, Hittite, 


Sumerian—reached very high levels ; 
of Egypt they had almost vanished by a.p. 600. 


gradually these became degraded until with Roman and Arab invasions 


2. The high place attributed to Greek and Roman Science is undeserved ; in technology at least they 


were mere inferior copyists of the old cultures. 


3. By its gross rejection of experiment, the dead hand of Aristotle’s authority greatly restricted scientific 


progress for nearly two millenia. 


4. Technical advances in mining between the Roman era and the Renascence in the fifteenth century, 


were negligible. 


5. Obscurity, whether intentional or mystical, was the chief characteristic of the alchemists. 


Gibberish 


. . . ® 
is commonly derived from GEBER, se non é vero, é molto-ben trovato. 


1._GOLD AND SILVER. 


Prehistorical Cultures 

EFORE the first dynasty (3500 B.c.) the craftsman- 
B ship and artistic attainment in gold and silver 

jewellery, temple ornaments and sarcophagi in 
the Nile valley was very high. In Babylonia and Assyria, 
too, equally fine work—bowls, sweated and soldered 
metal ribbons, and even drawn-wire chain links have 
survived from Ur and Kish—was produced about the 
same date. Later there was a degradation from this 
high level, and a slow but definite ebb and flow of skill 
in metal working can be traced. About 3400 B.c. the 
Menes code, which may have been accepted by many 
hear-cast nations outside Egypt, fixed 2}:1 as the 
legal bimetallic valuation ; it is clear, then, that gold 
and silver were quite familiar as forms of wealth at that 
date, in bullion, if not as specie. The gold bar stamped 
with the name of Menes, “‘ one of the oldest known 
pieces of jewellery,” may be the very prototype of 
coinage. The use of these metals, copper and ,their 
alloys. as currency gradually spread through the whole 


of the then civilised western world, including Asia Minor, 
Babylonia, Persia, Assyria, Yemen (Arabia feliz), 
Ethiopia and parts of India. The prehistorians are not 
yet able to decide where it originated, Persia and Irak 
seem possible. In Genesis there are frequent mentions 
of these metals both as ingots and currency, which, 
however, was weighed out rather than a minted coinage : 
“ Abraham weighed to Ephron... four hundred 
shekels of silver, current money with the mecchant.” A 
vessel of asem (ozm, uwasm, &onuos) is mentioned in a lst 
dynasty inscription. From a study of the Leyden 
papyrus, Berthelot suggested that this may have been 
an amalgam of tin or copper, used in gilding or counter- 
feiting (circa A.D. 300); Partington (Short History of 
Chemistry, London, 1937), however, considered it to be 
synonymous with the pale yellow native or artificial 
gold-silver alloy electrum (iAe«rpovy = amber). However, 
since “new” asem is mentioned about 1500 B.c., it 
may apply to two distinct alloys at different times. 
Nubian Gold.—Rock carvings dating from about 
2500 B.c. depict the washing of auriferous gravel in stone 
troughs, followed by fusion in the blowpipe. Others 








show that the deposits in Nubia (Kush) were actively 
worked in the I4th century B.c.; the Turin papyrus 
(Seti I, circa 1320 B.c.) gives a map of them, and frag- 
ments of another may represent a mine of the period of 
Rameses I (1400 B.c.). Diodorus (Ist century B.C.) 
described the pitiful lot of the labourers—internees who 
had displeased the dictatorial pleasure, ‘* persons some- 
times falsely accused, or against whom the king is 
incensed '’—their families, and prisoners of war, ** where 
the gold is secured in large quantity with much suffering 
and at great cost. Now the discovery of these mines 
is very ancient, having been made by the early kings.” 

Workings in Saxony have been traced back to pre- 
Christian times. Roman mines are known in Bosnia 
and in Wales, where, however, they were probably an 
extension of the workings from which the Kelts obtained 
the gold torques and jewelled ornaments of which they 
were inordinately fond. Roman ingots of lead marked 
ex argent have been found in Britain. 


Greek and Roman Empires 

Minted Metals.—Most of our documented information 
comes from the painstaking, if credulous, Greek and 
Roman historians. Coinage penetrated late into the 
yreat Imperium Romanum. Originally only a token, the 
metal ingot was stamped with the beast to which it was 
equivalent ; pecunia, the copper or bronze bar first to 
be issued in this way, derived its name from the impress 
of a sheep (pecus)—Pliny. Later, true coins of lower 
value were struck, with a two-faced Janus on the 
obverse and the prow of a warship on the reverse. Silver 
was first stamped in a.v.c. 485; in a.u.c. 663 Livius 
Drusus minted the victoriatus of silver alloyed with 
one-eighth copper ; the first golden denarius appeared 
sixty-two years later. Surprisingly enough, manipulation 
of the currency was just as universal in the ancient 
world—Rome and Egypt—as in our own day. The 
contractions for librac, solidi, denarii have persisted as 
{, s. d., solidus in the word * soldier.” 

Ancient Wealth.—Prehistorically, ostentatious display 
by monarchs was considered as great a virtue and 
evidence of stability as is interference with the individual 
by ministerial ordinance to-day. Although accounts may 
have become exaggerated in transmission, the embellish- 
ment of royal and religious buildings was fantastic, 
particularly when one considers the limited extent from 
which this gold was drawn. No doubt this was due to the 


small demand for specie, the quasi-divine attributes of 


kingship, and the extraordinary richness of the virgin 
deposits. 
rain fell continuously, as the soil is loosened, gold is 
found, called unfired (&rvpov) one man found two 
lumps and took them to the king, one weighing three 
minae, and one five.” (Aristotle, On marvellous things 
heard.) 1 mina Li Ib. avoir. 

Striking examples are the tomb of Tut-ankh-amen 
discovered but recently, the shrines of Nineveh and 
Tyre, the golden image (not necessarily 
Nebuchadnezzar, ** whose height was threescore cubits, 
and the breadth thereof six cubits: he set it up in the 
plain of Dura, in the province of Babylon,” Nero’s 
golden house, Cassius Cesar’s confiscation of 15,000 


librae of bullicn from the Rome treasury. The riches of 


the Temple of Solomon, of the Queen of Sheba, of Croesus 
and of Midas, all historical persons, have become 
legendary. 
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The New World 

When the Spanish conquistadores invaded the Americas 
in 1510 et seg. they found great indigenous wealth, 
silver extracted by the Aztecs of Mexico, gold and gems 
by the Incas-of Peru. It is likely that these resulted 
from the fashioning of vein metal, or even by re-melting 
alluvial deposits, rather than by extraction in the usual 
sense. In comparison, the exploitation of Klondyke, 
California, Australia and the Rand dates only from 
yesterday. 


2.—MERCURY 


Occurrence 

Schliemann’s discovery of a small pot of mercury ina 
burial chamber at Kurna would lead to the conclusion 
that this metal was known at 1500-1600 B.c., but it may 
have been introduced later by Arabs, who used quills 
and glazed earthen bottles resembling pineapples, 
supposing it to possess magical properties. In any event, 
the discovery does not presuppose a familiarity with the 
relatively complicated chemical process of distillation, 
since it often occurs native. 

Vitruvius (De architectura 8, Chap. 7) probably quoting 
Theophrastus, wrote: ‘* In the veins the ore resembles 
iron ore, more carroty .in colour, having a red powder 
around it. As it is won and worked, it exudes many 
drops of quicksilver, which are immediately collected 
by the miners.’” Pliny (Historia naturalis, 33, Chap. 32) 
stated: ‘There is a mineral found in these lodes of 
silver which yields a liquid which is always fluid, and is 
known as quicksilver. It acts as a poison on everything, 
and pierces even vessels, penetrating them by reason of 
its malignant properties.” Intersection of silver- and 
mercury-bearing lodes has been noted frequently, and 
well-formed crystals of native amalgam sometimes occur, 
for example, at Kongsberg (Norway), Sala (Sweden), 
Landsberg (Germany), Almeria (Spain). 


Greece and Rome 

In classical literature mercury was first mentioned 
by Theophrastus (Mep! Adv, circa 300 B.c.). De anima 
(attributed to Aristotle) mentions that Daedalus had 
used it to give movement to a wooden statue of 
Aphrodite. Whatever this may mean, he regarded the 
metal as * essence ”’ of fluidity, and it became dedicated 
to Hermes, the messenger god, now the crest of the 
Royal Corps of Signals. A thousand years later, the 
Alchemists assumed it was a ‘ principle ’’ of all metals, 
the other being sulphur. In Aristotle’s Meteorologica 
it is called &pyupos xvros (fluid silver), later modified 
to d8pdpyupos (b8wp water), which in Latin became 
hydrargyrum. Pliny, a.p. 77, however, drew a sharp 
distinction between this and the native argentum vivum. 
* There are two methods of preparing hydrargyros, either 
by powdering minium (cinnabar) and vinegar with a 
bronze pestle and mortar, or else by putting minium into 
flat clay pans covered with a lid and then enclosed in an 
iron kettle well luted with clay. A fire is then lit under 
the pans and the flame kept continuously hot by aid 
of bellows, when this has been done the vapour is con- 
tinuously removed, this is found adhering to the lid, 
silvery in colour and fluid like water.” 

Density of Mercury.—Ninety years _ previously, 
Vitruvius (7, Chap. 8) had described a very similar 
process with the very interesting comment: “ When 
four séxtarii of mercury are weighed, they are found to 
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be a hundred librae.” If the libra is taken as 0-7 lb. 
{avoir.) and the seztarius as 0-96 pt., one may compute 
adensity of 14-6 g./ml., compared with 13-55 accepted 
to-day. 
Other Cultures 

It is probable that mercury and zine, obtained by 
distillation, were known to the Chinese about the same 
time as in the Mediterranean basin, but our knowledge 
of early Chinese process work is very scanty. The metal 
is not mentioned in the Old Testament. 
suggested that it was an article of commerce among the 
Pheenicians and Carthaginians by 700 B.c. It was used 
by Indian Buddhists about the 8th century a.p. in 
medicine. 

Native mercury is usually accompanied by cinnabar, 
but at Montpellier it is found associated with calomel. 


Agricola’s Treatment 
Agricola, in his classic (De re metallica, 9) described 
five methods of distilling mercury after the ore had been 
washed with vinegar and salt, and surplus quicksilver 
squeezed out through canvas or leather :— 

!. A small pot was packed with broken ore and 
luted face downwards into a larger one ; the pans, 
as many as 700, were then half-buried in the ground 
in chess-board formation. Distillation was effected 
by a wood fire built on the upper crucibles, the 


Weiskopf 


mercury condensed in the lower ones, embedded 
in the cold earth. 

2. By distilling from large bell-shaped retorts 
(campana), two being luted to each external receiver. 

3. Heating free in a closed vaulted chamber 
containing green branches on which the quicksilver 
condensed. 

4 and 5. The ore was placed in a large pot and 
covered withash. On heating, the vapour condensed 
in a smaller pot superimposed and ran back as 
drops to be collected from the ash or sand. 

The operations seem to have been quite widely under- 
stood, since Biringuccio described substantially the same 
process sixteen years before. 

Agricola was well aware of the poisonous nature of 
mercury vapour :. If a sweet odour was apparent, the 
quicksilver was being spent. “Since this loosens the 
teeth, the extractors and others in attendance, warned 
of the ill thing, turn their backs into the wind. . . 
Hence the works should stand open at the front and 
sides, and exposed to the winds.” 


3.—AMALGAMS 
According to Petrie, a copper rod plated with gold 
has been identified in a first dynasty tomb (3200 B.c. ?) ; 
microscopical examination of this to establish the method 
of gilding, would be of extreme interest. In later burials, 
gold-clad copper became relatively common; _ bronze 
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was gilded by applying foil or beaten sheet gold with 
sal-ammoniac flux. A process in the Leyden papyrus 
describes how a copper ring ** takes the colour ” so well 
that the touchstone will not reveal anything amiss ; 
whether or no this is a workman’s attempt to defraud, 
is difficult to say. 

Gilding by Amalgam.—Pliny described gilding: A 
mixture of common salt, vinegar and alum was used to 
flux the heated article. After reheating, it was rubbed 
with a preparation of pumice, alum and mercury, and 
the gold leaf applied to the sweated surface. Presumably, 
this was followed by a final heating to vaporise the 
quicksilver. Vitruvius was quite familiar with this 
operation. “ Without it (argentum vivum) neither silver 
nor bronze can be properly gilded. When gold thread is 
embroidered in cloth, and the garment is no longer fit 
‘for use on account of old age, the cloth is put in clay 
pots and burned over a fire. The ash is thrown on water 
and quicksilver added to it. This collects all the particles 
of gold and gathers them to itself. The water is then 
poured away and the remainder is placed on a cloth, 
and pressed by hand. Under this pressure, the quick- 
silver, being liquid, passes through the pores of the 
cloth, and the pure goid is found inside in a compressed 
mass.”’ One may recall that when the grave of Emperor 
Honorius was opened in Rome in 1544, thirty-six pounds 
weight of gold was recovered from a mouldering dress. 
(Aldrovanus, Museum Metallicum.) : 

Gold Amalgamation.—Al-Idrisi (A.p. 1154) gave an 
account, presumably from a traveller who had actually 
seen the process, of gold amalgamation in Sofala and 
Wadi Allagi in the Nubian field. The ore was washed in 
wooden vats and the dust mixed with quicksilver. The 
amalgam was subsequently distilled, leaving * nothing 
but the mass of the gold, pure and fused.” This is 
reminiscent of Pliny’s account: “ All substances float 
on the surface of quicksilver, except gold, this being 
the only substance that it attracts to itself. dence it is 
such an excellent refiner of gold, for on being shaken 
in an earthen vessel with gold it rejects all the impurities 
that are mixed with it. When once it has thus expelled 
these superfluities, there is nothing to do but to separate 
it from the gold. To effect this, it is poured out upon 
skins that have been well tanned, and so exuding through 
them like a kind of sweat, it leaves behind the gold in a 
pure state.” 

Agricola made no specific mention of silver ores, 
although he devoted much attention to extraction of 
gold by amalgamation. Mellor claimed it was known to 
Theophilus, Rugerus, the 11th century monk (An essay 
upon various arls, translated by Hendrie, London, 1847). 
In view of the fact that monasteries were nurseries’ of 
craftsmanship in the dark ages, it is not surprising that 
this work is concerned with ecclesiastical decoration and 
ornanfe1t—organ pipes, chalices, refining of copper by 
poling. The method described by Agricola persisted in 
Central Europe, unchanged in principle, until com- 
paratively recent times. Heberer, in 1582, described gold 
we: hing at Selz, in the Rhineland. 


4,. THE MEXICAN PROCESS OF SILVER 
“EXTRACTION 
Mexico.—in the patio (Sp.=courtyard) process in use 


{or four centuries, a large heap (/orta) of salt, sulphide ore, 
and magistral (weathered roasted pyrites) is well trodden 
by mules or peones over a period of weeks. Quicksilver 
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is allowed to drip from canvas bags. Complex chen ical 
reactions lead to the reduction of silver, which wiiites 
with the excess, and the pasty amalgam (a mixture of 
Ag,Hg, and mercury) is trampled down to the flags, 
where it remains when the forta is brushed away. The 
method may have been developed by Spanish Jesuits in 
Mexico from the practice of adding mercury to sluices 
to “ catch ” alluvial gold. It has been claimed, however, 
that it was introduced from Europe by Bartolomé 
Medina in 1552 (Agricola, Bermannus sive de re metallica, 
Basle, 1530). The Probierbiichlein, an Assaying Manual 
(author unknown, attributed to a press at Augsburg, 
circa 1510, by the British Museum) describes the use of 
mercury in recovering silver from parting residues— 
probably obtained by the action of aqua fortis (Scheid- 
wasser) on gold-silver bullion. 

Silver Amalgamation.—The famous De la pirotechnia 
(V. Biringuecio, Venice, 1540, in Italian) describes the 
recovery of gold and silver from sweep, smelter’s residues, 
and even from ‘certain ores themselves, without the 
labour of fusion, but by the sole means and virtue of 
mercury.” It was ground by a millstone, * while 
moistened with vinegar, or water, in which was dissolved 
corrosive sublimate (solimato, mercuric chloride HgC',), 
verdigris (verde rame), and salt. . . . By driving off the 
mercury by means of a flask [i.e., distillation] or by 
passing it through a bag, there will remain, at the bottom, 
the gold, silver, or copper, or whatever metal was placed 
in the basin to be ground under the millstone.” 
Biringuccio also describes how the metal can be collected 
in lead or mercury, after preliminary concentration by 
washing. 

Origins of the Process.—According to Ulloa, silver 
extraction by amalgamation was invented by de Velasco 
in 1556 in Mexico (Relacion Histérica del Viage a la 
America ‘Meridional, Madrid, 1748). Fr. de Acosta 
(Historia Natural y Moral de las Indias, Seville, 1590) 
gave what is probably the first account of the patio 
process. After roasting, the ore was * mortified ” with 
one-tenth its weight of salt as brine, ** The salt separates 
the earth and the filth, in order that the quicksilver may 
the more easily draw the silver to itself. . . . Before 
the invention of these furnaces of fire, they did often 
mix their metal with quicksilver in great troughs, letting 
it settle twenty days and more, and at least nine 
days.’ This writer travelled widely in Peru and Mexico. 
Fr. Alonso Barba (Arte de los Metales, Madrid, 1640) 
described the pan amalgamation of silver, which Hoover 
regarded as a prototype of the Washoe or Boss processes, 
current in U.S.A. According to Gobet, a passage in the 
Vienna translation, 1749, “1 was highly pleased with 
my new discovery of managing ore, extracting its content 
and refining it, and I continued to practise this method ” 
is used to establish the claim to the invention by Barba 
in 1609, i.e., in Europe, but Beckmann (History of 
Inventions, Leipzig, 1792) did not accept this. Garcilasso 
de la Vega, Commentarios Reales, Lisbon, 1609, gave 
substantially the same account as Acosta, although the 
Spaniards made attempts to keep secret the metallurgical 
processes described. As has been shown, however, 
amalgamation was quite well known in Tyrol and 
Transylvania at that time. An English translation by 
Sandwich, possibly pirated, appeared posthumously 
London in 1674—The First Book of the Art of Metals. 
Garces, noting that the Indian pigment limp: was 
actually cinnabar, located the Peruvian deposits at 
Guamanga south of Lima, about 1567; these became 
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ver) important when de Velasco introduced the patio 
process from Mexico in 1571; quicksilver was then 
declared a Crown monopoly. Robertson, however, 
placed the discovery of the mine at 1563, and the intro- 
duction of the process at 1574. According to a merchant, 
Henry Hawks, quoted in Hakluyt’s Collection of Voyages, 
3, London, 1600, amalgamation was first used in 1572, 
“and as for this charge of quicksilver, it is a new 
invention, which they find more profitable than to fine 
their ore with lead.” 

Modifications.—Requiring a minimum of fuel and 
water, the patio process is specially suitable for remote 
and arid regions. 
(cauldron) soon spread to Bolivia and Peru (Barba, 1590), 
and the copper-lined pit (fondon=ground) was intro- 
duced later. In 1786 von Born (Uber das Anquicken der 
Gold- und Silber-haltigen Erze, Vienna) claimed to the 
Imperial Court that he was able to extract silver by 
amalgamation. Vitriol and common salt were used, but 
the celebrated Erckern reported adversely, and the 
process seems to have been abandoned. The Baron, 
however, recorded how the crusts of amalgam on the 
copper walls increased daily in thickness—here was the 
germ of the copper and muntz tables so advantageously 
introduced to the Rand. 

Treitlinger (De Aurilegio, praecipue in Rheno, 1776) 
described how gold was recovered from Rhine sands by 
washing with mercury. 


5.—BIMETALLIC RATIOS 

Bimetallism seeks to stabilise the relative values by 
legal enactment. With the rapidly growing output of 
silver (especially as a by-product) the ratio has risen 
erratically but consistently from the 2} at 3500 B.c. to 
about 80 at present, with an artificially low price of gold. 
Alexander found difficulty in maintaining the Greek 10 
and depreciation to the Phoenician 13 was sanctioned 
by Ptolemy I. For a short time a copper or bronze 
standard was used in Egypt. The bimetallic ratio, more- 
over, varies in different parts of the world, especially in 
isolated communities. For example, Mungo Park 
(1771-1805) found it to be 1} in the Sudan, while it was 
15 in Europe. 


6.—MINING 

Early Achievement.—As is clear from the classical 
historians, a high standard had been reached in process 
metallurgy by the Christian era, not only in extraction 
of gold, silver and mercury, but even in zinc distillation 
(Strabo, 13, Chap. 1), and the relatively advanced iron- 
smelting. Diodorus, the Greek-speaking Sicilian, in the 
first century B.c. wrote how in Elba, “in certain in- 
genious furnaces they smelt the lumps by means of a 
great fire, and fashion them into moderate sized pieces, 
like large sponges in appearance ” (5, Chap. 13). Pre- 
dynastic burials at Gerzeh have yielded rust-pseudo- 
morphs of iron beads (circa 4500-4000 B.c.), but these, 
being nickeliferous, might conceivably be derived from 
meteoric iron. 

The blacksmiths or metal workers (followers of Horus) 
may have immigrated to Egypt about 4240 B.c., but our 
knowledge of these beings is so attenuated as to be quite 
untrus'worthy. Later, iron seems to have disappeared, 
and did not again become common till 1000-1600 B.c., 
but it was better known in Babylonia and Assyria, even 
five ccturies earlier than this. The mysterious harden- 
ing of bronze, attributed by the layman to ancient 
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Egyptians, is now generally discredited by metallurgists. 
It is nevertheless true that they were able to cut sharp- 
edged inscriptions in the hardest diorite, and attempts 
to reproduce these by use of bronze or copper fed with 
abrasive have failed. The conclusion therefore seems 
inevitable that quenched steel was known and used when 
these obelisks were engraved. Subsequently the 
knowledge may have been dissipated, but the perishable 
nature of iron makes any conclusion more than usually 
subject to doubt, although the dry Egyptian climate is 
favourable to its preservation. Contrary to widely-held 
opinion, reduction of oxide ore to sponge (as distinct 
from fused) iron is not more difficult metallurgically than 
the production of copper or bronze. 


Greek and Roman Empires 

The historians Demetrius, Poseidon, Diodorus (5, 37}, 
Athanaeus (6, 23) were all greatly impressed by tlhe 
riches of Spain and Gaul. These may have quoted from 
a prior authority, though textual considerations make a 
common manuscript source improbable. ‘‘ For the 
whole country of the Iberians is full of metals, neither 
gold, nor silver, nor yet copper, nor iron, has been found 
anywhere else in the world in a natural state, either in 
such quantity or of such good quality.” Strabo 
(Geography, 3, Chap. 2, 9). “‘ They are ever coming on 
more splendid veins rich in both silver and gold, for all 
the ground in that region [Spain] is a contorted network 
of veins which wind in many ways. And now and then, 
as they go deep down they come across underground 
rivers.” These difficulties were overcome by diversions, 
water roads and sumps, and Archimedes’ screw. ‘ For 
the Pheenicians, it appears, were of old clever at making 
discoveries to their advantage, and the Italians equally 
adept at leaving no gain to anyone else. . . . Workers 
of the copper mines recover, from the ore they dig out, 
a fourth part of pure copper, and among unskilled workers 
in silver there are some who will take out a Euboic talent 
[about } ewt.] in three days, for all the ore is full of solid 
silver dust, which glints from it... they also push 
their diggings many furlongs deep, and drive galleries at 
every angle, turning this way and that.” - Diodorus 
(Library of History, 5, Chap. 37 and 36). 


Water Removal 

Until the early part of the 18th century, water was 
the bugbear of metalliferous mining. Not until the 
achievement of Newcomen in a Wolverhampton colliery 
in 1705 was this overcome. With his development of the 
pioneer work of Savery, in turn improved by Stephenson 
and Watt, pumping ceased to be the limiting factor, and 
Trevithick in Cornwall finally overcame all difficulties. 
When Rio Tinto, in the middle of the 18th century 
re-opened some ancient Roman workings, several old 
water-wheels about 15 ft. in diameter, resembling 
reversed overshot mill-wheels, were discovered, as well 
as an Archimedes’ screw, also of wood—-a most interest- 
ing find in view of the Greek historians’ accounts. 
(Nash, The Rio Tinto Mine, its History and Romance, 
London, 1904). 


Pliny’s Treatment of Gold Mining 
Pliny (a.p.77) described three methods of gold- 
winning :— 
1. ‘ The first of these is as dust in running streams, 


the Tagus in Spain, for instance . . . there is no gold 
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found in a more perfect state than this, thoroughly 
polished by continued attrition of the current. 
2. ‘* A second method is by shafts. The super 


incumbent earth is kept from collapsing by means of 


wooden props. 

3. “ The third method of obtaining gold surpasses 
even the labours of the Giants . the workmen never 
seeing the light of day for months together. These mines 
are known as arrugiae’”’ (Sp. arrugia=deep working). 

Alluvial Gold Washing.—Of gold washing, he wrote 
how “impassable rocks have to be hewn away and 
forced to make room for hollowed troughs of wood. 


Sluices (agegae, &ywyh) have to be dug for the passage of 


water, and these have a layer of gorse (ulex) placed at 
the bottom at regular intervals.” Subsequently this 
was “ dried and burned, after which the ash is washed 
upon a bed of grassy turf, in order that the gold may be 
deposited on it.” According to Strabo, ** gold washeries 
are now (Ist century B.c.) more numerous than the 
mines, and in the gold dust, they say, nuggets weighing 
as much as half a pound are sometimes found, which are 
cailed palas (wdaas) and need but little refining. .. . 
The river Durias was of the greatest help to them in 
mining—I mean in gold washing, and therefore, in 
making the water branch off to numerous places, they 
used to empty completely the ordinary bed. But 
although this was helpful to the Salassi in their quest for 
gold, it distressed the people who farmed the plains 
below, because their land was deprived of irrigation.” 
The accounts might apply to the early history of Cali- 
fornian development, where diversion of hill-water in 
hydraulic mining led to a lawsuit by plain farmers. 
Gaul and Arabia.—Diodorus wrote: *‘* Throughout 
Gaul there is practically no silver, but there is gold in 


quantity which Nature provides for the in- 
habitants without their having to mine for it or undergo: 


ureat 


any hardship . after washing out the earthy elements 
with water, they hand over the gold dust to be melted 
in furnaces in the temples a large quantity of gold 
has been deposited as dedication to the gods, and not a 
native of the country touches it although the 
Kelts are an exceedingly covetous people.” (5, Chap. 37.) 
He also described how the Arabs “ discover in under- 
ground galleries which have been formed by Nature and 
gather in abundance—not that which has been fused 
into an ingot out of gold dust, but virgin gold, which is 
called unfired (arvpor) the smallest nugget is about 
as large as a fruit stone. . . . This gold they wear about 
both their wrists and their necks, perforating it and 
alternating it with transparent stones. And since this 
precious metal abounds in their land, whereas there is a 
searcity of gold and iron, they exchange it with mer- 
chants for equal parts of the latter wares.’ (3, Chap. 45.) 


Mining by ‘‘ Fire and Vinegar ”’ 

According to Pliny (33, 21 and 27) the quartz (silex) 
encountered in mining was removed by percussion with 
a battering ram “ carrying 150 librae of iron,” or by 
heating the rock and cooling it rapidly with vinegar 
(infuso aceto). Livy also states that this means was used 
to remove obstructions in Hannibal's traverse of the 
Alps. Much harsh polemic has flowed in interpretation 
of this * vinegar.” The author believes the explanation 
to be a confusion between quartz and marble (marmor), 
which is attacked by acetic acid: Diodorus’ quotation 
from Agatharchides (2nd century B.c‘), describing the 
Nubian mines, gives the clue ; ‘ The soil here is naturally 
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black, but in the body of the earth run many wh te 
veins, shining like white marble (uapudpos), surpassing 
in lustre all other bright things.” The ore was pounced 
in stone mortars with iron pestles, then ground in mills 
‘‘ until it is as fine as meal.” The powder was “ worked 
down upon a broad board slightly inclined, pouring 
water over it the whole time; whereupon the earthy 
matter in it, loosened by action of the water, runs down 
the inclined board, while that which contains the gold 
remains on the wood because of its weight. And repeat- 
ing this a number of times, they first of all rub it with 
their hands, and then lightly pressing it with sponges 
of loose texture they remove in this way whatever is 
porous and earthy, until there remains only the pure 
gold dust.” Subsequently this gold was purified by 
cupellation witb lead, salt, tin, barley bran—* there 
being but little waste.” 

Calcashandi in the 14th century described how god 
(and silver ?) was refined by being kept molten for a 
whole day and night. Beckmann stated that sifting 
and wet stamping were established at Joachimstal, 
Bohemia, in 1519 by Gromestetter, and in the Ober Harz 
by Philip, assay-master to Prince Henry the Younger 
about 1524. The method of concentrating placer tinstone 
given in Carew’s Survey of Cornwall, London, 1602, 
greatly resembles Pliny’s alluvial gold washing, except 
that turf sods replaced gorse. (At this time Germans 
were well to the fore in technical developments and took 
an active part in the Cornish field, where many fortunes 
were made.) Mining technique, however, had practically 
stagnated for the fifteen centuries, in which there were 
no notable advances. 


7.—_USES OF MERCURY IN MEDICINE 

The poisonous and disinfectant action of mercury 
compounds was known in pre-Christian times ; the use 
of cinnabar (minium) for mural decoration is mentioned 
by Pliny and Vitruvius, as much as 2000 librae being 
imported annually from Almaden (Sisapo). Hittite 
miners’ skeletons, with lamps and stone tools, have been 
found entombed by collapse of a gallery in a cinnabar 
mine near Iconium. Early Hindu chemistry has not 
been so closely studied as that of the Mediterranean 
countries, but it was concerned chiefly with vegetable 
remedies for disease and made great use of magic and 
occult rites. With the advent of Tantrika Buddhism 
(8th century a.p.) much of the mumbo-jumbo was 
abandoned and mercury compounds were introduced. 
This is reminiscent of the Iatrochemists’ school of 
pharmaceutics, of which the chief exponent was Para- 
celsus—von Hohenheim of Basle (1493-1541), approxi- 
mately contemporary with the keen-brained Agricola. 
He gained a great reputation by treating disease with 
opium and mercurial drugs, but his outspokenness and 
erratic temperament made him unpopular; he was 
compelled to spend a restless and wandering life, and 
died friendless and ostracised, a prey to drunkenness. 
Boerhaave’s story that he began his lecture course by 
burning the works of Galen and Avicenna (the then 
textbooks of chemistry) with saltpetre and sulphur in 4 
brass pan with the wish that the authors could be treated 
likewise, will surely awake sympathy in many students 
hearts. 

8.—RETROSPECT 

When historical developments are considered from & 
detached viewpoint, three tendencies emerge very 
clearly :— 
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|. The great practical attainments of prehistorical 
cul‘ures—Egyplian, Mesopotamian, Persian, and 
Phenician. 

2. The extreme clarity of mind amongst the ancient 
Greeks. This is immediately apparent in the elegance 
of their tongue, and the incisiveness, even bitterness, of 
their logical insight. Despite a genius for colonial 
development and wise government of subject races, and 
a flair for organisation, the Romans were much inferior, 
notwithstanding their very logical language. 

3. The dark haze, physicai and metaphysical, dominating 
most of the alchemists’ experiments. Obsessed by the 
elixir (Ar. liksir) of life, and transmutation of base metal 
to gold by the lapis philcsophia, they shut out desperately 
any concept which might be in conflict with them, no 
matter how much emphasised by observation. Even 
yet it is doubtful whether this obscurity in their writings 
was but an outward manifestation of their tortuous 
minds, or deliberate in the attempt to cloke the poverty 
of their performance. The medical practitioner still 
writes his prescriptions in dog Latin; Wyclif and 
Tyndale were both persecuted bitterly by those in high 
positions who regarded as pernicious their desire to give 
the English the Scriptures in their own tongue. 
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To these strictures certain Arab alchemists stand out 
as honourable and distinctive exceptions, though even 
their writings were much coloured by the fashionable 
mysticism. 

Despite their great success in process work, the Egyptians’ 
progress in Science was necessarily hampered by their 
continued preoccupation with empirical recipes, to the 
entire exclusion of theoretical speculation. How marked 
a contrast from “the Greeks seek wisdom” to the utter 
exclusion of mere fact. Egyptian neglect of the logistic was 
almost as stifling in its result as the dead hand which 
Aristotle’s mighty authority, by total rejection and gross 
contempt of any experimental verification, exercised on 
Science and Philosophy for nearly two millenia. During 
this time anyone who criticised the least obiter scriptum 
of the great philosopher was castigated as heretical out of 
hand. 


How magnificent, how breath-taking, had been 
the result, had the heritage of Nile empiricism 
mingled with the abstract Attic philosophy, or 
even had the two cultures been contemporaneous 
at their acmes. 


Thermobloc Recuperators and Heat Exchangers 


The development of alloy steels, capable of withstanding relatively high temperatures, 
has facilitated the use of metallic recuperators and heat exchangers, but limitations have 


been imposed by their initial high cost. 


To overcome this difficulty, the Incandescent Heat 


Co., Ltd., has developed an efficient type of metallic recuperator of small bulk and low 
first cost, known as the Patent Incandescent Thermobloc, which can be applied to a wide 


range of heating problems. 


T is well known that a large proportion of the total 
heat in fuel-fired furnaces is lost in the form of 


sensible heat in the waste gases, and the recovery of 


a portion of this heat is desirable, not only from the 
standpoint of economy, but also because the heat so 
recovered can be usefully applied to improve combustion 
conditions and to facilitate the control of the atmosphere 
in the majority of furnaces. The majority of large 
industrial furnace installations employ either the 
regenerative principles, by which a portion of the heat 
contained in the waste gases is released for a certain 
period of time into a chequer work refractory structure 
and subsequently picked up from this hot chequer work 
by the air requited for combustion each time the circuit 
is reversed, or, alternatively, the recuperative principle 
wherein the waste gases are constantly led through 
flues adjacent to and contra- or unit-flow with the com- 
bustion air circuit, so that a proportion of their heat is 
extracted and used for reheating the air required for 
combustion purposes, 


The reversing regenerative principle is successfully 
applied to large high-temperature furnaces, either for 
the melting of metals or for high temperature reheating 


or forging. In the case of heat-treatment plant, however, 
the 1ecuperative principle is more often adopted, 
primarily because it is easier to obtain precise tempera- 
ture control by this means than with the reversing cycle 
of recenerative furnaces wherein the source of heat is 
rl d first to one side of the furnace and then to the 
ther. 


Some particulars of this development are given. 


Metallic Recuperators in place of Brickwork 

During recent years the development of alloy steels 
capable of withstanding relatively high temperatures has 
facilitated the use of metallic recuperators and heat 
exchangers in place of brickwork recuperators. For a 
large number of applications a metallic recuperator has 
proved satisfactory because of its accessibility, its low 
thermal capacity, and its pressure and gas-tight charac- 
teristics, which enables the preheating not only of the 
air for combustion or the gaseous fuel, as the case may 
be, but also of mixtures of gas and air when desirable. 

The use of metallic recuperators has been somewhat 
limited owing to the high capital cost of such heat 
exchangers when manufactured in special alloys, such 
as nichrome, to withstand the relatively high temperature 
conditions met with in practice. It has long been desirable 
to develop an efficient type of metallic recuperator of 
small bulk and low first cost which could be applied 
to the widest possible range of industrial heating pro- 
blems, and it is noteworthy that Incandescent Heat Co., 
Ltd., have patented a metallic recuperator unit of this 
type, which is illustrated in Fig. 1. It is known as the 
** Thermobloc,” and its more important features claimed 
are :-— 

(1) The special design of this unit is such that it 
can deal with waste gases at temperatures in excess 
of 1,000° C. without necessitating the use of expen- 
sive heat-resisting alloys in its construction. 

(2) The rate of heat exchange per sq. foot of 
surface area is so high that the body of the 
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Fig. 1.—A metallic recuperator of small bulk and low 
first cost designed for a wide range of industrial 
heating problems. 


Ther mobloc can be kept at a relatively low tempera- 
ture—i.e., without colour even when the waste 
gases are over 1,000° C. 

(3) The design of the Thermobloc is such that 
with overall dimensions 94 in. x 9in. x I1f{ in., 
the heat-exchanging surface is no less than 5 sq. ft. 
for the No. 1 Thermobloc; and with overall 
dimensions of 9¥ in. x 12% in. 15 in. the heat- 
exchanging surface is 10sq. ft. for the No. 2 
Ther mobloc. 

(4) The design of this unit is perfectly gas tight, 
and mixtures of gas and air can be reheated with 
complete safety. 

(5) The provision of spiral corebusters in the 


mixture passages ensures in addition a very intimate 
premix of the gas and air, ensuring higher efficiency 
combustion with minimum stratification, quite apart 
from the primary function of the unit which is to 
preheat the gas-air mixture. 


Description 

The Thermobloc consists essentially of two banks of 
small diameter tubes contained in a matrix of cast iron 
ensuring metal-to-metal peripheral contact between each 
tube of either bank. One bank of tubes is disposed 
vertically in the cast-iron matrix, and the other bank 
is horizontally interlaced between the vertical bank, and 
it is usual for the vertical bank of tubes to be used for 
the passage of waste gases while the horizontal bank is 
used for the air, gas or mixture which it is required to 
preheat. In this manner, the waste gases are split up 
on entering the Thermobloc into a large number of small 
diameter streams, ensuring a very large surface area for 


the release of sensible heat into the horizontal bank of 


tubes. In a similar manner, the gas or air entering the 
horizontal bank of tubes is split up into a large number of 
small diameter streams, ensuring a very large area for the 
absorption of heat from the waste gases, and the rate of 
heat absorption is further intensified by the provision of 
spiral corebusters designed constantly to break up the 
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Fig. 2._-The Thermobloc applied to a typical high- 
speed steel hardening furnace heated by producer gas. 


relatively cold core in the centre of each tube and throw 
it outward towards the periphery by centrifugal action, 
thus ensuring a high convection scrub further facilitating 
the absorption of heat. 

It is well known that the rate of heat exchange between 
two gases travelling through tubes is a function of the 
velocity of the gases, and also of the rate of heat trans- 
mission between the tube walls. The metal-to-metal 
contact of the tube walls in the Thermobloc ensures a 
high rate of heat transmission, and this, coupled with 
the division of the gases into a large number of relatively 
fine streams ensures a high rate of heat exchange per unit 
of heat-exchanging surface. In addition, the arrange- 
ment of tube banks adopted ensures a high heat- 
exchanging surface per unit of volume of the Thermobloc. 

Thermoblocs can be used singly or in banks according 
to requirements, and generally speaking the use of 
Thermoblocs permits an economy of at least 75°, of the 
space required for a metallic recuperator of given 
capacity, as compared to heat exchangers of conventional 
design. The selection of the correct heat-exchanging 
surface for any given requirement necessitates the con- 
sideration of a larger number of factors, but the Incan- 
descent Heat Co. will always be glad to place their 
experience at the disposal of users. 


Applications 

The Thermobloc preheater or heat exchanger was 
originally developed to meet conditions of national 
emergency, whereby it was required to fire existing 
town gas industrial furnaces on low C.V. gas, such as 
clean producer gas. This problem presented few 
difficulties for working temperatures up to the order of 
1,000° C., but owing to the low flame temperature of this 
gas it was obviously necessary to provide some form of 
preheat if producer gas was to be successfully used on 
high-temperature furnaces up to 1,500° C. or more. 

The Thermobloc was designed and applied successfully 
to a wide range of problems of this nature, and Fig. 2 
shows a typical high-speed tool-hardening furnace heated 
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by clean producer gas, in which temperatures up to 
1,500 C. can be readily obtained and maintained, 
thereby permitting the use of the furnace at somewhat 
lower temperatures of, say, 1,350° C., with the heavily 
reducing atmosphere necessary for the critical treatment 
of delicate tools and cutters. 

These units can be successfully applied to a very wide 
range of industrial furnaces: in certain cases, such as 
high-temperature open-flame work with low C.V. gases, 
they can be successfully applied as independent pre- 
heaters, when they are mounted on a suitable small 
combustion chamber provided with burners of adequate 
size to reheat the air or air-gas mixture necessary for high 
temperature brazing torches, etc. In the preparation 
of inert gases for bright annealing, special atmospheres 
for gas carburising, bright copper brazing, and bright 
hardening is often facilitated by the use of Thermoblces 


Reviews of Current Literature 


A Metallurgical Study of German and 
Italian Aircraft Engine and Airframe 
Parts 


began to fall into the hands of the Royal Air Force, 

it was considered desirable that parts in their 
structure should be critically examined in order to 
collect any information likely to be of value. For this 
purpose an Aero Components Sub-Committee of the 
Technical Advisory Committee of the Special and Alloy 
Steel Committee was formed. This Sub-Committee, of 
which the late Dr. W. H. Hatfield, F.R.S., was chairman, 
comprised the late Mr. W. H. Dyson, of the Ministry of 
Aircraft Production; Dr. H. Sutton, Royal Aircraft 
Establishment; Dr. R. Genders, Superintendent, 
Technical Applications Metals, Ministry of Supply ; 
Mr. H. Bull, Messrs. Brown Bayley’s Steelworks, Ltd. ; 
Mr. H. H. Burton, the English Steel Corporation, Ltd. ; 
Mr. W. J. Dawson, Messrs. Hadfields, Ltd.; Mr. D. A. 
Oliver, Messrs. Wm. Jessop and Sons, Ltd.; Dr. T. 
Swinden, the United Steel Companies, Ltd.; and the 
late Mr. G. Stanfield, Secretary, Brown-Firth Research 
Laboratories. 

Since the formation of this Sub-Committee, an 
extensive range of engine and ai:frame parts from the 
vatious types of German and Italian aircraft has been 
examined and very full reports prepared, giving the 
results of numerous investigations. The principal object 
was to obtain data on the types and quality of materials 
wed, methods of manufacture, efficiency of the heat- 
treatment to which the parts had been submitted, 
together with any other information which might prove 
of value, as, for example, details of the finish. Further, 
the influence of restrictions due to the blockade on 
enemy procedure and solution of materials was kept in 
mind. Attention was given chiefly to engine parts, but 
‘number of airframe and miscellaneous components 
were included. Special features concerning design were 
hoted in certain instances, but these were not the 
primar. object of the investigations. 


T the early days of the war, when enemy aircraft 
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for obtaining critical reaction temperatures in com- 
bustion chambers designed for the partial combustion 
only of the gas to be treated. 

Although primarily designed as a heat exchanger or 
recuperator capable of dealing*with relatively high- 
temperature heat engineering problems, the same design 
has proved successful as applied to heat exchangers for 
lower temperatures wherein the media to be dealt with 
are usually in liquid or fluid form. They can readily be 
built up into banks of the requisite size to form industrial 
oil coolers of high efficiency and great accessibility, and 
further, can be successfully applied to a wide range of 
problems involving the cooling or heating of liquids 
and gases to relatively low temperatures. When 
necessary, they can be manufactured in special 
metals for the handling of food products or other 
chemicals. 


The reports for individual components gradually grew 
to considerable proportion and the Sub-Committee cop- 
sidered it desirable to summarise them, collating, as far 
as possible, the essential information and publishing it 
in the present book. For this purpose, components of 
the same type from different aircraft have been con- 
sidered together and the main features summarised. 

This book, therefore, constitutes a summary of data 
resulting from the metallurgical examination of German 
and Italian aircraft engine and airframe parts by this 
Aero Components Sub-Committee. The work includes a 
brief description of the enemy aircraft examined and 
deais with such components as crankshafts, connecting 
rods, gudgeon and wrist pins, cylinders and cylinder 
liners, inlet and exhaust valves, valve springs, gears, 
bearings, camshafts and airscrew shafts, castings and 
other miscellaneous engine parts ; considerable attention 
is also given to airframe components and a number of 
miscellaneous parts. 

The work has been carried out meticulously, and while 
this book summarises the results of investigations carried 
out from the beginning of the war until the end of 1941, 
investigations have continued and are still in progress. 
It is noteworthy that no comparisons are made with 
corresponding parts in British or American aircraft, nor 
are certain aspects, which the investigations have 
shown to be open to criticism, emphasised. The book 
contains valuable data, which are admirably illustrated, 
containing some 220 illustrations in its 152 pages. In 
size it is 9in. x 5} in., and its board cover is clothed in 
R.A.F. blue. 

A particular feature about this book is an undertaking 
given by the publishers that, apart from the actual 
printing, binding and distribution costs, the income 
trom its sale will be placed to the credit of the Royal 
Air Force Benevolent Fund ; an acknowledgement, in 
the form of a letter from Lord Riverdale, Chairman of the 
Appeals Committee of this Fund, is contained in each 
copy. 

By the Aero Components Sub-Committee ; published 

by Kennedy Press, Ltd., 21, Albion Street, Man- 
chester, 1; price 10s. 6d. net. 


Readers who desire a copy of the above book 
are respectfully asked to apply direct to the 
Publishers. 
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The Training of Metallurgists 


With Special Reference to the Iron and Steel Industries 


The reduction of metals from their ores and the nature, properties and behaviour of these 
metals, and especially of their alloys, have developed an,important branch of applied science, 
known as metallurgy, upon which successful engineering largely depends. Great progress in 
the development of alloys, during the last few decades, has greatly increased the field of study 
to acquire competence in the science and, of late, much attention has been given to training, 


status, and prospects of metallurgists. 


The Council of the Iron and Steel Institute has 


given consideration to the question of training, the results of which are published in a review* 


in which a number of recommendations are made. 


Although it is clearly stated that the 


Council is not committed to take action on the lines suggested and that no individual member 
is necessarily in favour of all the recommendations made, the review is an important con- 
tribution on a difficult subject and it provides much food for thought and subsequent action. 
Some of these views and recommendations of the Council are given here. 


ESS than a hundred years ago metallurgy 
the most important branches of applied science 
had not been separated from chemistry, of which 

it then formed a minor part. As with engineering, so 
has chemistry now been divided into specialised fields, 
organic and inorganic, and, just as proficiency in any 


particular branch of engineering involves knowledge of 


others and of physics, so proficiency in metallurgy 


involves knowledge of other branches of chemistry, of 


physics, and of other kindred sciences, 

Everything possible should be done to enable the 
metallurgical industries of this country to hold their 
own in the new and difficult industrial conditions which 
are likely to prevail after the war. The supply, educa- 
tion and training of a sufficient number of metallurgists 
are among the most important steps which will make 
this possible. The position is made more difficult 
because a shortage in the numbers of trained metallurgists 
was apparent for some years before the war, while at 
present the shortage is accentuated by the calling up 
for military service of young men when, after an initial 
experience in industry, they are just on the point of 
becoming really useful. 

The objective of those concerned with education in 
metallurgy should be to provide industry with sufficient 
numbers of officials with good scientific and technical 
qualifications. The objective of those concerned with 
the prosperity of the ferrous and non-ferrous industries 
should be to use these officials to the best advantage and 
in sufficient numbers. Industry must not fail to help 
itself; metallurgists must be given the opportunity to 
make full and satisfactory Employees of 
various grades should be encouraged to attain given 
minimum standards; lack of these standards should 
lessen the prospects of promotion. 

Metallurgists are required to teach in technical colleges 
and universities ; processing at mines and in works 
engaged in the concentration and preliminary handling 
of ores ; the conduct of operations in works essentially 
engaged in the smelting and manufacture of ferrous and 
non-ferrous metals; production in works engaged in 
engineering end in the manufacture of products involving 
the handling and metals; the development 


careers. 


use of 
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one of 


commercially of new and the improvement of existing 
materials ; their sale and purchase ; the routine inspec. 
tion of materials and analysis ; and, finally, research of 
all kinds, whether conducted in universities, ete., or in 
laboratories attached to industrial companies or in 
establishments specially devoted to this purpose. 

To cover these and other requirements different 
qualifications and different education and training are 
necessary, and the recruitment of boys and young men 
to meet the need is discussed. Reference is made to 
the Government's policy raising the minimum school- 
leaving age to 15, without exemptions, as soon as possible 
after the war, and to 16 at a later date ; and to make 
part-time education compulsory for all who leave school 
before 18 up to that age in a Young People’s College or 
similar institution. 

These trends, when put into operation, should result 
in a higher average standard of knowledge and ability 
being reached by recruits to industry generally, as well 
as in a raising of the average age of entry into industry. 
As a result, recruitment will take place (a) from those 
who leave school as soon as permissible ; (6) from those 
whose education is continued in the higher forms of 
schools ; and (c) from those who proceed from school 
to a degree course at a university or analogous higher 
full-time course in a technical college. Encouraging 
scientific education among recruits from each of these 
three categories, as well as the continuance of technical and 
scientific education after entering industry, are stressed. 

Taking a long view, it will be of lasting advantage to 
industry to assist in increasing to the highest level the 
qualifications of those in the teaching profession and to 
assist them to keep thoroughly up to date. This is of 
primary importance. The return in the ability of 
students of all standards and in contributions to research 
will amply repay industry for any immediate sacrifice. 
An adequate standard of technical equipment is of only 


less importance than the quality of the teacher. It is 
vital in all higher educational establishments. Improve- 
ment is at present often an urgent necessity. The 


conduct of education and research at many universities 
and technical colleges is severely hampered by the lack 
of sufficient modern apparatus as well as by want of 
those workshop facilities which are habitual in industrial 
undertakings. 
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University Training 

It is assumed that, as a result of the intended educa- 
tional policy of the country, a higher proportion of the 
ablest youths will take a university or analogous course 
of higher education, and recommendations are made 
regarding entry to universities. Thus, for instance, the 
revision of standards for scholarships. Ability and a wide 
general education with a broad knowledge of scientific 
and kindred subjects should be given preference over 
a high standard of detailed knowledge of particular 
sciences. The content of scholarship examinations 
should be changed. Entrance to a university should 
depend on the ability of the student to profit by the course, 
and not merely on success in a competitive examination. 

The importance of works’ experience is emphasised. 
Boys leaving school should, whenever possible, before 
entering a university, spend some months at a works, 
and industry must be willing to accept pupils in this 
and other categories to a far greater extent than has been 
the case in the past. Responsibility must be accepted 
for the training and well-being of these young men. 
Students at universities should spend part of their long 
vacations at works or in suitable laboratories as a 
necessary part of their education, and account of 


this obligation should be taken in the framing of 


examinations. 

Metallurgical courses at all universities and senior 
technical colleges for undergraduate tuition should 
include both * process ’’ and * physical”’ metallurgy, 
and should be concerned with the principles of science 
without undue reference to specialisation in ferrous or 
non-ferrous metallurgy. A course designed to produce 


a fully qualified metallurgist will consist essentially of 


two periods. The first should be directed to the higher 
study of basic scientific subjects in a fairly wide alter- 
native field, including mathematics and the principles 
of engineering. This course might well be common to 
all schools of science, and, in the case of undergraduates 
intending to read metallurgy, should lay special emphasis 
on chemistry and physics. Encouragement should be 
given to those contemplating a career in industry on 
the production side to study engineering. Little, if any, 
time at this stage need be given to metallurgy as such. 
[he second period should be devoted to continuance of 
study in some of these fields and to the particular study 
of metallurgy. Some time, especially during the pre- 
liminary period, ought always to be devoted to general 
subjects, including, for example, languages. 

With regard to post-graduate education, it is con- 
sidered that improved facilities are of great importance 
for training men of marked ability or those who are 
anxious to acquire detailed knowledge of a particular 
branch of metallurgy. It is suggested that universities 
might with advantage concentrate on certain aspects of 
scientific work related to metallurgy. Students intending 
to enter a particular branch of industry or to embark on 
a selected line of research should be encouraged to 
complete their education at a university where appro- 
priate fields of study have been developed. It is con- 
sidere'i that whenever possible it is desirable that a post- 
graduate course should be taken at a different British 
Unive: sity or at one in a foreign country. 

Universities might attempt to a far greater extent 
than s at present the case to cater for the legitimate 
equi): ments of industry by providing post-graduate 
cours: s. These would include short intensive instruction 
i special- branches of industry, not excluding practical 
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courses amounting almost to an apprenticeship. Such 
courses would include those designed explicitly for 
graduates whose main interest lies in particular spheres 
of works operation. 


Process and Physical Metallurgy 

Among the subjects in which universities have 
specialised for purposes of research and post-graduate 
teaching are particular aspects of ‘* process”’ or 
** physical metallurgy.’ In this connection it is pointed 
out that the definitions of these terms vary. By 
‘process metallurgy ’’ is usually meant the study of 
the occurrence and mining of ores, the principles of 
processing and concentration, smelting and all stages of 
manufacture up to the ingot or equivalent. Sometimes, 
however, the meaning is restricted to the extraction of 
metal from a dressed or concentrated ore or from scrap 
and residues, thus excluding the initial preparation of 
ores. In this review the term is used in its wider meaning. 
By * physical metallurgy’ is meant the study and 
treatment of metals after they have been produced as 
metals in ingot or other form. 

The study and teaching of process metallurgy is 
especially emphasised since present facilities are con- 
sidered inadequate. This branch of metallurgy is likely 
to be of increased importance in developing national 
and imperial resources without infringing on the 
legitimate aspirations of other nations of the Empire 
to develop their own schools. The training of men, 
including those from overseas, whose lives will be devoted 
to the development of the mineral resources of the world 
is a matter of national importance. This aspect of the 
question has an important bearing not only on the pro- 
vision of suitable careers for young men from this 
country and the Empire, but also on establishing British 
influence in foreign countries. 


Training of Graduates for Industry 

With some notable exceptions, the present arrange- 
ments for placing students in industry are not satis- 
factory. Industry has a right to claim a higher propor- 
tion of the best men from universities than it has been 
getting in the past. It is considered that the fundamental 
remedy is to be found, not in any kind of formal register, 
but in much closer contact between the teaching staffs 
of universities and those responsible for the recruitment 
of the higher personnel of industry. In larger concerns 
there is relatively little difficulty in arranging for 
graduates to spend time in various departments or 
works. The wider adoption of training schemes operated 
by a limited number of companies is highly desirable. 
they are invaluable in assisting both the company and 
“the employee to decide the activity which is likely to be 
congenial and suitable. It is suggested that groups of 
smaller companies in a district should combine to 
operate a joint scheme. 


Education in Metallurgy below University 
Standard 

Most regruits in industry will continue to come direct 
from school, and of these a majority will still enter 
employment at the minimum leaving age or shortly after 
from secondary schools—grammar, modern and 
technical. The same general principles should apply as 
in the case of those whose whole-time education has been 
continued to a later age. The chief differences in 
treatment necessary are that greater encouragement and 
greater facilities for part-time technical and scientific 
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education after beginning work are required, and that 
improved opportunities must be provided for those who 
show special ability or character to win generally 
recognised qualifications end to rise to positions of 
responsibility in their profession. It must not be for- 
yotten that it is from this category that a large proportion 
of the most useful men in managerial positions in the 
metallurgical industries is at present drawn. Some of 
these entered industry at the earliest age ; a few have 
risen to positions of the highest responsibility. 

Those entering industry at the minimum 
leaving age or soon after will have no knowledge of 
metallurgy and only a rudimentary knowledge of the 
basic sciences. ‘The technical and scientific education 
of these lads, therefore, must be undertaken after they 
have entered industry. Facilities, by means of part-time 
education, should make it possible for them ultimately 
to attain a standard in a particular subject comparable 
to that obtained by study at a university, even though 
general education need not necessarily be so wide as to 
requirements of university matriculation 
examinations ; it should be possible to win qualifications 
which demonstrate the attainment of this standard. 
But it is just as important that opportunities should be 
provided for those who have less high academic ambitions 
to obtain a sound technical and scientific knowledge of 
the processes of the industries in which they are employed 
and to obtain that training in craftsmanship which will 
provide them with a sounder understanding of, and greater 
interest in, their work and enable them to do it better. 

Facilities for part-time education in metallurgy vary 
throughout the country, but on the whole compare 
unfavourably with those available to students of 
chemistry, engineering, physics and electricity. The 
equipment of some technical colleges leaves much to be 
desired. Curricula of courses in metallurgy are not 
always appropriate to local requirements or, if adopted 
specitically to meet the needs of industry in the district, are 
not built up ona sufficiently broad basis of general science 
and thus fail to provide adequate opportunities for students 
to win qualifications which are recognised nationally. 

It has been suggested that the institution of National 
Certificates in Metallurgy would provide objectives at 
which those continuing their education by attendance 
at part-time or at evening classes could aim. National 
Certificates are not yet available in metallurgy ; those 
obtainable in engineering and chemistry are of two 
grades : the Ordinary Certificate awarded after a three 
years’ course of study, and the Higher Certificate, 
awarded after a further two years’ course of study for 
students who have obtained the Ordinary National 
Certificate or are otherwise suitably qualified. 

The work of the Department of Technology of the 
City and Guilds of London Institute has been invaluable 
in encouraging students who may obtain Ordinary or 
Full Technological Certificates. Attainment of the 
latter involves a reasonably comprehensive knowledge 
of scientific subjects, as well as of the principles and 
practices of metallurgical operations. The examinations of 
the City and Guilds should be incorporated into any scheme 
for the award of National Certificates in metallurgy. 


echool- 


meet the 


The Responsibility of Industry 
The part woaich industry must play in encouraging 
part-time education is of paramount importance. Apart 
from statutory requirements, young employees should 
be encouraged to undeitake further study by the 
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yranting of reasonable facilities to attend classes duri:y 
working hours. Works training and apprenticeship 
schemes are, if possible, of greater importance 


improving the scientific and technical education of 


younger entrants into industry than of those whose 
full-time education has been prolonged to a later ave. 
They can be of exceptional value in fostering under- 
standing of the processes of manufacture in which the 
students are engaged, but it is preferable that their 
work in all the higher ranges should be accompanied by 
attendance at central technical colleges where tuition 
in engineering and science, as well as in the principles 
underlying the processes of manufacture, can generally 
be provided on a wider basis. , 


Adult Education 

Adult education for managers and other staff and for 
foremen and workmen is also discussed. It is suggested, 
for instance, that the provision of technical courses, 
perhaps preferably residential, where directors and higher 
executives, who have not had earlier opportunities, 
could obtain a general view of the scientific principles 
on which their industry is based as well as of the various 
technical processes involved, are likely to be popular. 

The problem of providing suitable opportunities for 
adult education for workmen and those who have not 
in earlier life reached a relatively high standard is more 
difficult but not less important. Two somewhat different 
needs must be filled. The first of these is to provide 
opportunities for those with special qualities of character, 
intelligence, ambition and powers of leadership— 
qualities enhanced by experience and the successful 
operation of industrial processes—to obtain that higher 
education which will make them capable of filling 
positions of greater responsibility. 

This paper of 32 pages is a very valuable contribution 
to a subject which bristles with difficulties, and although 
there will be few who will be wholly in agreement with 
the suggestions and recommendations, the Council of 
the Iron and Steel Institute is to be congratulated for the 
careful thought given to the subject and for giving such 
lucid and, in some respects, advanced views. It should 
be studied by all who are genuinely concerned about the 
future prosperity of the metallurgical industries and of 
those engaged in it. 


William Clardy Lusk. 
WE regret to record the death, on February 25, of Mr. 
W. C. Lusk, deputy chairman and managing director of 
Associated Electrical Industries, Ltd., and chairman of 
the British Thomson-Houston Co., Ltd. 

Born in Nashville, Tennessee, U.S.A., about 68 years 
ago, Mr. Lusk was educated at Yale University, where 
he received the B.Sc. degree. He received his electrical 
training in the organisation of the General Electric Co. 
(New York), and In 1910 was appointed manager of the 
export department of the B.T.-H. Co., elected a director 
the same year and managing director in 1922. 

Mr. Lusk took a leading part in the development of 
Associated Electrical Industries, Ltd., and in 1929 
became deputy chairman of that company and chairman 
of the B.T.-H. Company. At the time of his death he 
was also chairman of Ferguson, Pailin, Ltd., deputy 
chairman of Metropolitan Vickers Electrical Co., Ltd., 
deputy chairman of the Edison Swan Electric Co., Ltd., 
and Edivon Swan Cables, Ltd., and director of several 
other Companies. 











C 


M 











WarcnH, 1944 


METALLURGIA 


bo 
=>) 
~1 


The Institute of Metals 


Annual General Meeting in London 


above Institute was held at the Institution of 

Mechanical Engineers on March 15, 1944. The 
retiring president, Lieut.-Colonel Sir John H. M. 
Greenly, K.C.M.G., C.B.E., M.A., occupied the chair for 
the first part of the proceedings, his place being after- 
wards taken by the incoming president, Dr. W. T. 
Griffiths. 


Tis thirty-sixth annual general meeting of the 


Report of the Council 

An abstract of the Report of the Council for 1943 
was read by the secretary, Mr. G. Shaw Scott. The 
full report appears in the February issue of the Institute’s 
Journal, and Sir John Greenly moved that it be received 
and adopted. This was seconded Dr. W. Cullen, who 
said: ‘* This Institute has always been extraordinarily 
fortunate in its Council. The members of the Council 
have always taken the deepest interest in everything 
that appertains to the Institute, and the progressive 
increase in membership and the concurrent increase in 
the publications of the Institute are testimony to the 
work which they have done. The members of the 
Institute, as a whole, owe to the Council—and not to 
the present Council only, but to its predecessors also— 
their thanks for its active help. 

“ There is one other item in the report on which I 
should like to comment, and that is the short paragraph 
which refers to the coming retirement of our secretary, 
Mr. Shaw Scott. It will be a sad moment for many of 
us when this comes about in June next. I have already 
referred to the active work of the Council, but any 
institute, no matter of what kind, is* very largely 
dependent for its success upon the efforts of its secretary, 
and in this respect Mr. Shaw Scott has been a model to 
many of us. I speak as one who was a secretary for a 
short time myself, and I know what arduous work that 
position entails. One has to study the foibles even of 
the individual members, because scientists, I find, are 
somewhat different from engineers as a body. I feel 
that I voice the opinion not only of all those who are 
here but of all the members of the Institute when I say 
that we are deeply indebted to Mr. Shaw Scott for his 
self-sacrificing efforts on behalf of the Institute during 
the thirty-six years for which he has been our secretary.” 

The motion was carried unanimously, as was a motion 
on a report of the accounts of the Institute submitted 
by the hon. treasurer, Lieut.-Gen. Sir Ronald 
Charles, K.C.B. 


Election of Officers and Members of Council 

The following officers for 1944-45 and members of the 
Coun il were elected: President, Dr. W. T. Griffiths. 
Vice-president, Mr. G. L. Bailey. Members of the 
Council, Prof. J. H. Andrew, Mr. W. H. Henman, 
Mr. W. A. C. Newman; Mr. S. Robson. 


Presentation of the Institute’s Platinum Metal 
Sir John Greenly presented the Platinum Medal for 
the year 1944 to Lieut.-Colonel the Hon. R. M. Preston, 
DS.0 past-president and managing director of the 
Rio Tinto Copper Co. In making the presentation the 
retiriny president referred to former recipients of this 





Mr. G. Shaw-Scott, who has been Secretary 
of the Institute of Metals since its inception, 
and who has helped so successfully in building 
up the Institute from its small beginnings to 
its present importance, is due to retire in 


June this year. He will have the good wishes 
of all who know him. 


award, Dr. Harold Moore, C.B.E., for his scientific work 
for metallurgy, Sir Murray Morrison, for outstanding 
work as a scientific industrialist, and others, and said : 
* It is my pleasure and privilege to present the medal to 
the immediate past-president, Colonel Preston, so that 
once again the Council make the award to a scientifie 
industrialist rather than to a pure scientist. 

In replying, Colonel Preston expressed his deep 
appreciation of the honour conferred upon him and said 
he could not claim outstanding scientific qualifications 
and achievements—his work lay chiefly in the fields of 
production of the non-ferrous metals and in processing ; 
such scientific training as he bad was of a different 
order, and is now a very long time ago. ** The President 
has spoken very kindly of the work which I have been 
able to do in a small way to further the practice and 
science of metallurgy in this country, and I can assure 
you that I shall continue to work to that end as far as 
I can, and do what in me lies to justify the confidence 
shown in me and the honour done me by the Institute.” 


Address by the Retiring President 
Before inducting Dr. Griffiths into the presidential 
chair, Sir John Greenly referred to a number of interest- 
ing developments, in particular to a courteous invitation 
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the Council had received from the president and Council 


of the Iron and Steel Institute ** that the president of 
this Institute should become an honorary member of 


their Council.” The invitation was unanimously 
accepted. Sir John has had the privilege of attending 
one meeting of the Lron and Steel Institute Council as 
an honorary member. That will apply equally to his 
successor. The Council have reciprocated by inviting 
the president of the Iron and Steel Institute to become 
an honorary member of the Institute of Metals Council, 
and that invitation also has been accepted. ** | am sure 
that that was a wise and statesman-like line to take. 

‘Another matter which we had, unfortunately, to 
face, due to the passing of time, is the retirement of our 
friend and secretary, Mr. Shaw Scott. Mr. Shaw Scott 
has been secretary of this Institute since its very 
inception in 1908. He has given thirty-eight years of his 
working life to the affairs and well-being of the Institute, 
and for what he has done we all owe him a very deep 
debt of gratitude. 


* The retirement of Mr. Shaw Scott, at the end of 


June, made it necessary for your Council to consider 
carefully what should be done with regard to his successor. 
After very careful deliberation and much discussion, it 
was decided to approach the Iron and Steel Institute 
and to ask the president and Council of that Institute 
whether they would be prepared to allow Mr. Headlam- 
Morley, at any rate as a temporary arrangement, to act 


as joint secretary of the Iron and Steel Institute and of 


the Institute of Metals on the retirement of Mr. Shaw 
Scott at the end of June. That suggestion appealed to 
Mr. Headlam-Morley himself, and was welcomed by the 
Council of the Iron and Steel Institute, and I am happy 
to tell you that that is now a fait accompli, and that 
when Mr. Shaw Scott retires at the end of June Mr. 
Headlam-Morley will become, at anyrate for a time, 
secretary of the Institute of Metals. 

‘ Your Council, at their meeting yesterday, considered 
with care some method by which they could mark their 
high appreciation, and the appreciation of all the 
members of the Institute, of the invaluable services of 
Mr. Shaw Scott over so many years, and, after full con- 
sideration, they unanimously decided to grant Mr. 
Shaw Scott on his retirement the distinction of secretary 
emeritus. I am sure that the members of the Institute 
will feel that after thirty-eight vears’ ungrudging service 
to their welfare, and the welfare of the Institute, that 
will be a worthy method of recording our appreciation 
of his services.” 

In inducting the new president into the chair Sir John 
said: “* It requires no words from me to tell you how 
distinguished a scientist Dr. Griffiths is, and how very 
fortunate we are in being able to persuade him to take 
the presidential chair of this Institute. 1 am sure that 
you will all join with me in wishing him the best of good 
fortune in the two interesting, and possibly rather 
critical, years which lie ahead of him in that office.” 

The new president, in his reply, referred to the 
eminence of his predecessors and to the difficult standard 
to follow which had been set up by them. He considered 
that no greater honour could be conferred on anyone 
connected with non-ferrous metals, and took up the 
task with mixed feelings, in which gratitude, pride, but 
also not a lit-le trepidation, alternate. His first duty 
was to ask for a vote of thanks to the retiring president 
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for his services during the past two years, which was 


ably proposed by Mr. H. 8. Tasker and seconded by 


Dr. Harold Moore. 
Technical Session 

Metallurgical papers were presented and discussed 

before and after a special lecture, given after the luncheon 
interval, entitled ** Modern Views on Alloys and their 
Possible Application,” by Dr. W. Hume-Rothery, F.R.S. 
The lecturer dealt with alloys of typical univalent, 
divalent, trivalent and transition elements, of both 
scientific and practical interest. He showed that the 
development of X-ray crystal analysis permitted the 
determination of the positions of atoms in the different 
crystal structures, and was the first great step forward 
towards an understanding of the structures of metals 
and alloys. The study of the X-ray data and the equi- 
librium diagrams of alloys enabled a number of factors 
controlling alloy formation to be discovered empirically. 

At the same time the mathematical-physicists were 

encouraged to examine the behaviour of electrons in the 
periodic field of the crystal lattices of metals, and the 
results obtained were found to have an immediate 
bearing on the properties and structures of metals and 
alloys. As a result of this work one was enabled to look 
beyond the mere crystal structure, and could begin to 
understand some of the factors which determined the 
structure and properties of alloys. In a limited way, 
from a knowledge of atomic structures, it was already 
possible to produce alloys with desired structures and 
properties, and if this work could be extended its 
possibilities were very great. 

The papers presented for discussion were taken in 

the following order :— 

* Damping Capacity at Low Stresses in Light Alloys 
and Carbon Steel, with Some Examples of Non- 
Destructive Testing.” By the late L. Frommer and 
A. Murray. 

‘The Inter-relation of Age-Hardening and Creep 
Performance. I1.—The Behaviour in Creep of an 
Alloy Containing 3°, Nickel and Silicon in Copper.” 
By C. H. M. Jenkins, E. H. Bucknall and E. A. 
Jenkinson. 

‘An Investigation of the Effects of Precipitation 
Treatment of Binary Magnesium - Aluminium 
Alloys.” By F. A. Fox and E. Lardner. 

‘A Thermodynamical Theory of Restoration Phe- 
nomena in the Ageing of Aluminium-Copper Alloys.” 
By 8S. T. Konobeevski. 





REQUIRED Well-qualified Metallurgist, to take charge 
of Research and General Laboratories, Heat Treatment, 
etc., in Sheffield Steel Works. Salary £800-f£1,200 per 
annum. 

Applicants should write to the Ministry of Labour and 
National Service, Central (Technical and Scientific) Register, 
Alexandra House, Kingsway, London, W.C.2, for the 
necessary application forms, which should be completed 
and returned not later than March 31, 1944. The reference 
number F. 2048 XA must be quoted. 











DITORIAL ASSISTANT, male or female, 

required by London Metallurgical Society. 
Write, giving particulars and salary required, 
to Box 123. 
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Zinc Alloy Pressure Die-castings. 
Tur advantages of zinc alloy pressure die-castings are 
well known ; they include rapid and economical repeti- 
tive production in quantities from 1,000 upwards with 
only nominal charges for die upkeep; the production 
of complicated shapes, possessing thin sections and with 


holes accurately cored, including screw threads, if 


necessary, to close dimensional limits; surfaces are 
smooth and free from irregularities ; inserts can be cast 
in place ; electro-plating or other finishes can be applied ; 
and they provide substantial economy in man-hours and 
material as compared with other production methods. 

Investigations have shown that the difficulties formerly 
encountered in the production and use of zine alloy die- 
castings was due to impurities introduced by the zinc, 
but the compositions of high-giade zinc and dependable 
zinc die-casting alloys have been standardised in British 
Standard Specifications B.S. 1003/4, and these should be 
used by all producers. A full appreciation of the pro- 
perties of present-day zine alloys for this purpose is 
necessary, and this will be facilitated by a Memorandum 
on the subject issued by the Ministry of Supply, Non- 
Ferrous Metals Control. 

Prepared by the Production Advisory Committee (Die- 
casting) primarily for the guidance of Service depart- 
ments, this Memorandum supplements the considerable 
amount of technical information already published and 
obtainable from reliable manufacturers. | Many aspects 
of the subject are discussed in a most informative 
manner, and particular attention is directed to the 
pressure die-cast zine alloy B.S. 1004. 


Foundry Practice. 
We have received several issues of a technical journal 
published under the above title by Foundry Services, 
Ltd. Under present conditions it comprises eight pages, 
and is published bi-monthly. It is admirably produced, 
and a surprising amount of information is given in its 
pages supported by clear sketches. The information 
embraces all aspects of the production of castings, both 
ferrous and non-ferrous, the current issue dealing with 
cast-iron pistons, D.T.D. Specifications for magnesium 
alloys, and moulding methods for magnesium alloys. 
Looking through some of the preceding issues, interesting 
and informative articles appear on aluminium gravity 
die-casting ; cast-iron liners ; silicon bronzes ; runners 
and gates ; the ABC of heat-treatment ; cupola charges, 
chemical composition and mechanical tests; many 
others could be mentioned, but these will suffice to show 
that the editor is including all aspects of foundry work. 

Foundry Services, Ltd., is concerned primarily with 
the treatment of metals in the fluid state, supplying 
specially prepared chemicals for degassing, cleaning, 
grain refining, ete., to facilitate the production of sound 
tastings ; but it also offers a service to foundries by 
means of which technical and practical difficulties, 
brought to the firm’s notice, are investigated without 
charge or obligation. 

This publication is available free, and those interested, 
not already on the mailing list, should communicate with 
Foundry Services, Ltd., Long Acre, Nechells, 
Birmingham, 7. 

Mr. Frank Bird, who is a director of Jarrow Metal 
Industries, Ltd., has been appointed to the Board of 
‘rt W. G. Armstrong-Whitworth and Co. (Ironfounders), 
Ltd., Close Works, Gateshead. 
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Correspondence 


The British Aluminium Industry in 
War Time 


The Editor, METALLURGIA. 
Dear Sir, 

With reference to the above article, which appears in 
your February issue, it is stated on page 191 that the 
forms of Duralumin in common use are scheduled in 
Table II. On reference to Table II we have been unable 
to find the names of several existing Duralumin type 
alloys, to cover which specifications mentioned in the 
table were originally issued. 

Thus, for instance, the following alloys with their 
specifications: have been omitted from the sections 
shown. 


TABLE It, 
(4) SHEET AND S?RIP. (ce) TUBES, 
Specification, Alloy. Specification Alloy 
21.38 “ Alclad * NAST ipa on ei 
LAT “ Alclad * NA2IST D.T.DAG4 NA.2IST 
D.T.D.356 NA.21ST 
D.T.D.390 ** Alclad * NA.23ST 
(6) ForGincs, BARS AND EXTRUDED (@) Rivers. 
SECTIONS, D.T.D.327 NA.168T 
2740 NA.218T 
D.T.D.364A NA.268T 
TABLE IV.—CASTING ALLOYS, 
(6) Heat TREATED, 
D.T.D.298 NA.226 
D.T.D.300 NA.S5O 


We believe your readers will be interested to have this 
additional information.—Yours faithfully, 


NorTHERN ALUMINIUM Co., Lrp., 
Gorpon H. Frecp, 
Research and Development Manager. 


Banbury, March 6, 1944. 


The Editor, METALLURGIA. 
Dear Sir, 

In reply to Mr. Field’s letter, I cannot find that any 
of the specifications he refers to have been omitted. 
Table II was intended to be taken in conjunction with 
the text, as illustrating the fanning out of the original 
Wilm’s Duralumin into a number of approved types, 
suited to various needs. 

The difficulty of listing all proprietary names for 
specifications is one of space, since they are numerous. 
** Dural ”’ is a household word in this country, as 17ST is 
in the States, but since I did insert BA/29 in regard to 
D.T.D. 300 I admit that it would have been common 
courtesy to insert also the name NA 350. This article 
was produced at very short notice, and that must be 
my apology for one or two omissions, which I trust that 
the publication of Mr. Field’s letter will put right. There 
must be few people in the light metals industry in this 
country who do not recognise the quantity and quality 
of the Northern Aluminium Co.’s war effort, or who are 
not familiar with their proprietary names for the 
approved specifications quoted.—l am, Sir, yours 
truly, 

GEORGE MORTIMER. 

The British Aluminium Co., Ltd., 

Salisbury House, London, E.C. 2, 
March 9, 1944. 
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The Relation between Weldability and 
Wear of Cutting ‘Tools 


By Walter Dawihl and Walter Rix 


The results of an earlier investigation indicated that the wear of cutting tools used for 
the machining of steel is due mainly to the formation of welds between the tool and the 


material to be cut. 


In the present investigation, which deals with the influence of time 


and pressure on the strength of welds between steel and steel, and between steel and 


cemented carbides, contributes further evidence in support of this view. 


Measurements 


show that the addition of titanium carbide reduces the tendency to weld. 


N an earlier investigation’ it was pointed out that 


the wear of cutting tools used for the machining of 


steel is due mainly to the formation of welds between 
the tool and the material to be cut. The present paper* 


contributes further experimental evidence in support of 


this view. The ranges of temperature and pressure which 
can be held responsible for the formation of these welds 
are illustrated in Table I. The temperature reached by 
the tool edge depends not only on the cutting speed, but 
also on the feed. Thus, for instance, in machining steel 
60-11 this temperature is increased by 200° to 900° C. 
if the feed is increased to 0-73 mm. per revolution. 
(The temperature of the tool edge was in these experi- 
ments determined by the method originally suggested 
by K. Gottwein® and developed by K. Gottwein and 
W. Reichel,? which utilises the thermo-electric force 
between cutting tool and material to be cut.) 
hl 
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Welding Tests 

The welding tests were carried out with two types of 
cemented carbides “G1” and “S1”’), and with two 
types of steel, a carbon steel of 40 kg. sq. mm. tensile 
strength and an alloy tensile steel of 120 kg./sq. mm. 
tensile strength. ‘The tests included an investigation of 
the strength of welds between steel and steel in order 
to enable a comparison with the results obtained by 
W. Baukloh and G. Henke,® F. Sauerwald,® and H. 
Esser.'° Static pressure wes used in order to get well- 
defined conditions for the formation of the welds. 

The materials to be welded were machined into cubes 
of 6mm. size; one face of each cube was well ground 
and polished, so that it was possible by simply pressing 
two cubes together to make them adhere to each other. 
An adhesive strength of 100 grm. could be easily reached. 
Such a pair of cubes was then heated in a protective 
atmosphere, in a vertical furnace, between two blocks of 
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TABLE It. 
TENSILE STRENGTH OF WELD BETWEEN CUBES OF CARBON STEEL, 
Welding time varied as shown, welding temperature and pressure 
(2-2 kg./sq. mm.) kept constant, 


rime (in Seconds) rensile Strength of Weld in Kg./Sq. Mm. 


for which 
Pressure Applied. 


1 

le 
ow 
T2008 
72m 


All values given represent the mean values of three measurements, 


sintered Al,O,. The upper ones of these blocks had a 
hole through which a thermo-element could be brought 
close to the welding zone. By means of a lever and 
weights, pressure could be applied to this block when 
the cubes had reached the desired temperature. After 
removing the load, the cubes were taken from the 
furnace, placed in carbon slack and allowed to cool. 
The tensile strength of the weld was determined at room 
temperature. The welding temperature was varied in 
steps of 25° C. 

The results showed considerable scattering, mainly 
due to uncontrollable variation of the area over which 
welding took place. The gloss of the torn surfaces is not 
uniform and suggests that welding does not take place 
uniformly over the contact area. The reason is pre- 
sumably that crystal surfaces of different orientation 
show different adbesive properties, thermal expansion, 
and inclination to grow.’, *,!° Some of these crystal 
surfaces, therefore, may weld under conditions which 
are insufficient with other surfaces, and, as there is a 
random distribution of such surfaces over the polished 
surface of the cubes, a corresponding distribution of 
welding strength over this area is to be expected. As 
it is impossible to make proper allowance for this effect, 


TABLE IIL. 
VARIATION OF WELDING STRENGTH WITH WELDING PRESSU RE. 


(Steel of 40 kg./sq. mm, Tensile Strength, Welding Time, 20 min.) 


Welding Pressure, Welding Pressure, |Welding Pressure, 
3-85 Kg./Sq. Mm, | 5-5 Kg./Sq. Mm. 


Welding Pressure, 
0-7 Kg./Sq. Mm, | 2-2 Kg./Sq. Mm, 


Welding Number Welding Number) Welding) Number | Welding) Number 
Strength of Tests Strength of Tests | Strength) of Tests | Strength) of Teste 
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the figures given represent only the average welding 
strength, worked out on the assumption that the whole 
of the contact area was welded. Further uncertainty is 
introduced by the strong influence of the welding 
temperature on the welding strength. It is expected 
that the errors caused by these two effects to a large 
extent cancelled each other, so that the values found 
represent good mean values ; however, no data can be 
given as to the magnitude of the mean error. Other 
sources of error can be neglected. 


Experiments 

The experiments commenced with an investigation of 
the influence of welding time and pressure ; the material 
used was steel of 40 kg./sq. mm. tensile strength. The 
results are given in Tables IT and U1. 

Taking into account the tendency of the results to 
scatter, Table IT shows that the welding time has very 
little, if any, influence on the welding strength. The 
behaviour of the materia] found here is rather similar 
to that shown by pressed metal powders during sinter- 
ing ; the largest part of the shrinkage takes place during 
the initial stages of the heating, provided the tempera- 
ture is kept constant. 


G a 
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The Variation of Welding Strength 
with Temperature, 


Figs. 1 and 3. 


The experiments concerning the influence of welding 
pressure showed that up to a welding pressure of 
5-5 kg./sq. mm. the welding strength increased pro- 
portionaily with this pressure. From the experiments of 
H. Esser it may be presumed that further increase of the 
pressure will cause a symptotic approach of the welding 
strength to the tensile strength of the material. 

The experiments on the influence of the welding 
temperature were carried out with the same steel and 
with an alloy steel of 120 kg./sq. mm. tensile strength. 
Table IV gives the results, Fig. 1 gives a graph drawn 
therefrom, showing the exceedingly strong influence of 
temperature on welding strength (the scale for the 
welding strength is logarithmic). Below a certain 
temperature, called sticking temperature, it was impossible 
to produce a weld even by the application of very high 
pressure. Several times attempts were made to unite 
two specially well-polished steel cubes under a pressure 
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of 200 kg./sq. mm. Though the cubes were greatly 
deformed they did not weld. 

For low temperatures, the strength of the welds 
between the two different types of steel is between the 
values valid for the unmixed welds ; for higher tempera- 
tures it approaches the values for carbon steel. 

The formation of welds and the sintering of pressed 
metal powders have this in common, that in both cases 
there is at first the action of adhesive forces, and an 
increase of temperature is then followed by recrystallisa- 
tion and by the growing together of crystals. Fig. 2 
shows a weld of two carbon-steel cubes (40 kg./sq. mm. 
tensile strength) formed at 850°C. The original 
boundary between the two cubes is clearly recognisable. 
It is bridged by ferrite crystals which have grown 
together. This is in contrast to results obtained for a 
weld between a steel cube and a cemented carbide cube. 
Though in the latter case the welding temperature was 
raised to 1,000° C., there was no indication that the 
welding had led to the formation of an alloy in the 
welding zone. The high welding strength found in this 
case (7 kg./sq.mm.) is therefore due entirely to the 
action of adhesive forces. Similar observations were 
made by QO. Fisher'! in connection with soldering. 


ye | 





‘ « % _h 
Fig. 2.—Weld of Two Carbon-steels at 850 


An investigation of the sintering of compressed fine- 
grained iron powder showed that the tensile strength of 
this material depended on sintering temperature and 
pressure in more or less the same way as the tensile 
strength of welds formed under corresponding conditions. 
The results of the present investigation may therefore be 
applied to sintering processes, though perhaps only in 
first approximation, 

rABLE IV. 
WELDS BETWEEN STEEL AND STEEL VARIATION OF WELDING 
STRENGTH WITH TEMPERATURE, 
(Welding Pressure, 2-2 kg./sq. mm, applied for 20 mins.) 


Steel (40)-Steel (40). Steel (40)-Steel (120). Steel (120)-Steel (120). 


rempera 


ture Pensile Number Tensile Number lensile Number 
in °C, Strength of Tests Strength of Tests Strength f ‘Tests 
in Kg. Made. in Kg. Made, in Ke Made. 
Sq. Mm, Sq. Mm, Sq. Mm, 
525 0-01 i 
Dd o-O2 4 
575 0-03 ry 
600 -l 4 0-1 l 
625 0-3 j 0-1 1 
650 O-4 j 0-2 i 
675 O-8 3 O-4 2 - 
70 L-l ” O-8 ” O-1 i 
725 2-0 3 1-7 2 0-3 4 
750 4-1 3 6 2 O-d 6 
775 6-5 3 O-8 1 
S00 70 4 ll 
S00) oes 5 
850 - o-9 , 
you l-z 1 
lou 1-6 i 














the combinations steel and cemented carbide “G1” 
(tungsten carbide with 5% Co, no titanium carbide) 
and cemented carbide “8 1” (tungsten carbide with 5% 
Co and 15%, titanium carbide). The results are given 
in Table V and Fig. 3. The curves for the tensile strength 
run on the whole quite similar to those of the steel welds. 

S 1” showed very little inclination to weld to the alloy 
steel of 120 kg. ‘sq. mm. strength. The adhesion between 
these two materials was very small and increased very 
little with temperature. Even at a temperature which 
was 300° C. higher than the sticking temperature, the 
welding strength was less than 1 kg./sq. mm. The results 
of this series of tests scattered more than the others and 
made it difficult to draw a proper graph. 


rABLE V. 
WELDS BETWEEN STEKL AND CEMENTED CARBIDES. VARIATION OF 
WELDING STRENGTH WITH TEMPERATURE, 


(Welding Pressure, 2-2 kg./sq..mm., applied for 20 mins.) 

2 a Steel (40) “G1L''-Steel(120).| “S1L'’—Steel (40) “SL"-Steel (120). 
lensile |Number) Tensile | Number! Tensile | Number; Tensile | Number 
Strength of Tests | Strength) of Tests | Strength! of Tests | Strength! of Tests 
in Kg Mace in Kg Made in Kg Made. | in Kg Made. 
“9, Mu =u. Mm Sq. Mm, Sq. Mm. 

ied 

eT) ‘ 

‘ q 1 0-o1 3 

Tow O-ol 3 O-Od 2 

7h ‘ O-ol » 0-6 ) 

7™ 1-1 Ol » oO-ds 3 

775 1-1 6 0-7 3 

sim) 0-7 6 0-7 3 Ol 7 

s io 6 1-2 3 O-ol 3 

su i-s i) 1-5 3 O-d 3 

87h b 1-6 3 1-1 3 

woo 2 } 1-9 mu O-4 3 

wy 1-3 $ 

ono ( 0-9 3 

ToL 72 

; 0-7 t 


The sticking temperatureg for the combinations 
‘G1L” with “G1” and “S11” with “S1” are given 
in Table VI, together with those for the other com- 
binations. 

A comparison of these temperatures with those in 
Table I for the temperatures reached by cutting edges 
shows that in the case of cast iron and steel welding 
may be expected to take place in a degree which 
materially influences the wear ; in this respect it is also 
necessary to consider that the sticking temperatures 
(Table V1) were found under static loading conditions, 
whereas in actual use, as cutting tools, an increased 
weldability may be expected, as oxide and other layers 
will then be removed by friction. 


rABLE VI 


STICKING TEMPERATURE OF VARIOUS METALS, 


Sticking 
Cemperatures 
in“, 


mbinations 


loou 


The results of these experiments can be explained by 
a theory developed by R. Holm and his collaborators," 
according to which the molecular forces of the surface 
layers of the material are usually ** saturated ”’ by oxide 


or other layers. These ‘* protective ’ layers prevent the 


close approach of the two metal faces so that normally 
adhesive forces cannot become effective. 
To make the cubes 


‘ stick ” or weld, it is necessary 
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The same procedure which was used for the testing of 
welds between steel and steel was used for the testing of 
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either to remove these layers or to make them ineffectiv... 
rhis may be done by evaporation in a vacuum, as in the 
experiments of R. Holm,'* or by a mechanical penetrs.- 
tion of these layers, which allows contacts between 
freshly created surface elements. Such a mechanical 
penetration only takes place if the materials to be welded 
are subjected to a deformation causing these layers to 
tear ; this in turn requires that these materials be raised 
to a temperature at which their cohesion is beginning to 
fail. (Annealing temperature—i.e., recrystallisation 
temperature.) 

rABLE VIL. 
BETWEEN STICKING TEMPERATURE AND ANNEALING 

TEMPERATURE, 


RELATION 


Welding Combinations, Sticking Temperature, Annealing Temperatu 
in °C, in °C, 


Pure Fe—Pure Fe 450 (calculated) about 450% 


Steel (40)-Steel (40) 525 GOO 
Steel 120-Steel 120 675 6001 
G1l—Gil 925 > 9001 
SI-S1 1000 > gore 

but > GI 


Table VII gives the values for the sticking tem- 
peratures and annealing temperatures for a number of 
welding combination. As the annealing temperatures 
of the cemented carbides are approximately at 1,000° C., 
it may be presumed that the lower values found for the 
sticking temperatures of the combinations ‘‘ cemented 
carbides—steel ”’ are those of the cobalt contained in the 
cemented carbides. 

The curves of the variation of welding strength with 
temperature confirm the view expressed in previous 
papers that the diminished wear of cemented carbide 
tools containing titanium carbide is due to the reduced 
tendency of such tools to form welds with steel. These 
curves show not only that the sticking temperature! for 
such a combination is higher, but above all, the tensile 
strength of any weld formed is lower than that in the 
absence of the titanium carbide. 

After concluding these investigations, a paper on the 
welding phenomena associated with the plating of metals 
was published by W. Engelhardt.’ His results coincide, 
to a large degree, with those described. In the explana- 
tion of his results Engelhardt does not refer to R. 
Holm’s views on the action of adhering surface layers ; 
instead, he bases his explanation on a theory of atomic 
resonances. At the present time it cannot yet be said 
how far these two theories will lead to different practical 
results. 





Translation of this paper is by courtesy of the Research 
Department, Diamond Trading Co., Ltd., London, E.C. 1. 
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A microchemical apparatus. 
this end. 


VERY short time ago we referred in these columns to the necessity for the standardisation of 
It is gratifying to learn that active steps are now being taken to 
After a meeting convened by the British Standards Institution to review the necessity 


for such standardisation, two panels were appointed to deal with the more immediate aspects of 


the problem, and to prepare draft specifications based on their deliberations. 
fact we should not, expect precipitate results from this move. 


We cannot, and in 
Too great haste would neither be in 


keeping with the quality of work to be expected from the Institution, nor to the benefit of the micro- 


chemist. 


However, the labour will undoubtedly be eased, and the fulfilment of the more urgent needs 


speeded to some extent, by the drawings which have already been published in America in connection 


with ccrtain of the most important apparatus. 


There is not the slightest doubt, too, that official 


data will be welcomed both by the microchemist and by the chemical-apparatus manufacturer. As 

a result, the former should, before long, be sure of getting what he wants, the latter of getting rid of 

what he has. Thus both will be satisfied, and everything in the microchemical garden, if not exactly 
lovely, wili begin to push forth a few of its early spring buds. 


Micro-Analysis and the Railway Chemist 


By G. H. Wyatt, Ph.D., F.I.C. 


[Research Department (Chemical Laboretory, Stonebridge Park), &.M.S. Railway Co.| 


The railway chemist must be equipped to cope with very diverse analytical demands. 


The many 


valuable directions in which microchemical methods of analysis have been developed are clearly 
illustrated by this account of some of the ways in which a railway chemist has been able to solve 
his problems. 


EFORE describing the applications of micro- 

analysis to railway requirements, it is probably 

advisable to review, briefly, the duties of a 
railway chemist. This is a subject which has received 
very little publicity, and, consequently, most people are 
rather mystified concerning the necessity for chemists on 
atailway system, yet all of the four main-line companies 
of this country, as well as the London Passenger Trans- 
port Board, employ them. It will be obvious that the 
railway workshops are big users of metals and alloys, 
both ferrous and non-ferrous, quantities of which are 
made by the companies themselves. This means that 
there must be control analyses during the manufacture, 
also subsidiary materials must be analysed, for example : 
slags, core gums, moulding sands, quenching oils and 
case-hardening mixtures. Again, the railways are large 
consumers of fuel and water; coal, coke, coal-gas, 
producer-gas, fuel oil and calcium-carbide supplies are 
checked, and analyses of raw and treated waters are 
required for steam-raising and domestic purposes. 
Greases, lubricating and burning oils have to be examined, 
as well as creosote (for timber impregnation) and soap 
anc scouring powders. Routine analyses are also made 


of other stores materials, among which the following 
ma\ be selected as important: asbestos packings and 
accumulator and primary cell components ; 
halita belting ; 


wa ers : 


oxygen and acetylene for welding ; fog 





signals; leather; rubber sheeting, washers and hose. 
It may be noted that this Company has established 
specialist laboratories for the examination of paints and 
textiles. Each of the above materials may require 
special investigation, following a failure in service or 
prior to a novel application. Another branch of the 
railway chemist’s work is concerned with claims for loss 
of, or damage to, goods in transit, and with the disposal 
to the best advantage of such material which may be 
salvaged: ascertaining the causes of outbreaks of fire 
constitutes an interesting section of this branch. Again, 
the chemist examines hotel and refreshment-room 
supplies, the most important being milk and, in peace- 
time, cream, both of which are subject to legal standards. 
Lastly, the railway chemist has a unique task in the 
examination of new commercial goods to ascertain (7) 
the classification into which they fall for transport 
charging purposes, (b) the conditions under which 
dangerous traffic may be carried on freight trains, and 
(c) the suitability or otherwise of goods for conveyance 
by passenger train, or for storing in the companies’ 
warehouses. (The last-mentioned includes the control 
of insect pests.) War conditions have, naturally, intro- 
duced special problems, of which possibly the most 
important concerns the safety of repair gangs which 
might have to operate during gas attacks. 

It will be appreciated, therefore, that the interests of 
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the railway chemist are very wide, and that he must 
be prepared to apply any type of analysis which may 
be best suited to any particular problem. In the remainder 
of this article a description is given of a number of micro- 
analyses which have been found useful, and in some cases 
essential, in some of these fields. 


Metallurgical Applications 

In the metallurgical field microanalysis is certainly 
not a feature of recent introduction ; micrographic and 
photomicrographic methods have been applied for so long 
that they are now employed universally and without 
question. Yet these may be quite justly claimed as 
forming part of microanalysis, having their own special 
chemical methods of sample preparation and giving 
information about phase composition, distribution and 
purity which it would be impossible to obtain by 
ordinary chemical procedures. The use of the * sulphur 
print ’ to show the presence, or absence, of segregation 
of sulpbur in steel is also thoroughly established and 
familiar, but this is merely a special application of the 
so-called “spot tests’ of orthodox microchemistry. 
Moreover, sulphur prints do not form an_ isolated 
example of the technique whereby a constituent of an 
alloy is caused to react in situ with a chemically impreg- 
nated sheet of paper. If the photographic paper of the 
sulphur print is replaced by a gelatine-coated paper, 
this may be treated with nitric acid and ammonium. 
molybdate solution ; after “ printing * and reduction of 
the print with stannous chloride solution the phosphorus 
distribution is revealed in blue. Perhaps the most 
generally applicable form of the method is that using 
filter-paper to carry the reagent, the moist filter-paper 
being inserted between the metal specimen and an 


aluminium or platinum plate. The specimen is connected 
to the positive, and the plate to the negative pole of a 


battery after electrolysis the distribution of the 
selected constituent is shown by the test-paper. Further 
detai's of these methods are given by Feigl' (see also 
Hunter, Churchill and Mears,? and the article on 
“ Electrovraphic Analysis * in the December number of 
this section). 

Metallurgical analysis also presents another problem 
of wide occurrence—that of determining elements 
present in minor quantities. The classical processes 
require in these cases the use of large samples ; they are 
tedious in application, and the results are not always 
as certain as one might desire. Such traces are con- 
veniently determined by colorimetric methods— another 
section of microanalysis. Colorimetric methods have 
been found useful by this Company for the testing of 
lead and lead-oxide for their suitability for accumu- 
lators,* and of zine anodes for primary cells. The 
estimation of the minor constituents in steels is carried 
out with sveed and efficiency by colorimetric methods 
which have become well known through the publications 
of Vaughan on the use of the Spekker photo-electric 
absorptiometer. Not only does this instrument eliminate 
the failings of the human eye from colorimetric work, 
but it enables particularly neat and effective schemes of 
analysis to be employed. In this laboratory it has also 
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been applied successfully to the determination of pif. 
values by the indicator method without the necessity 
of keeping a set of buffer solutions available for each 
analysis, The graph obtained by plotting dial readings 
against pH-values is somewhat S-shaped, but the portion 
representing the working range of the indicator (as 
usually understood) is sufficiently straight to permit 
readings with an accuracy of about a quarter of a 
pH-unit. A scheme is at present being worked out in 
this laboratory for the chemical examination of natural 
and: treated water supplies by similar methods, and 
appears to have good prospects. At this point attention 
may also be drawn to another modern physical instrument 
which is proving of great value in analytical chemistry, 
that is the polarograph, which is at present in use by 
this Company for the rapid examination of non-ferrous 
alloys. For an account of its scope the reader is referred 
to a previous article.® 

The so-called spot tests have been referred to in an 
earlier paragraph, but it is advisable to notice here the 
more conventional applications of the organic reagents 
for metallic ions, ete. This subject has now become 
familiar and makes regular appearances in examination 
papers, so there is no necessity to enter into details in 
an article of this character. 


Success with Small Samples 

Microanalysis is obviously of greatest value in those 
instances where the supply of sample is severely limited. 
In particular, a number of ‘“ deposits” from various 
sources has, of necessity, been analysed in this laboratory 
by the use of micro-methods. Foreign matter in an 
electric relay was readily shown qualitatively to consist 
of mercury droplets, so accounting for a service break- 
down. ‘Two sources of corrosion of metallic parts in 
electric relays have been traced by the microanalysis of 
the corrosion products together with a microscopic 
examination. The first was due to the condensation of 
atmospheric moisture; the other was attributed® to 
attack of the metal (phosphor-bronze springs) by ozone, 
formed as the result of an electrical fault, leading to the 
formation of copper and tin oxides, the copper being 
converted by atmospheric carbon dioxide to the basic 
carbonate ; atmospheric moisture played a subsidiary 
role throughout the process. Another instance, in which 
a qualitative microanalysis yielded sufficient data for 
the solution of the problem, was the examination of a 
small quantity of material from a ball-race ; this was 
found to consist of two components, copper oxide and 
steel. A number of deposits taken from various parts 
of a locomotive and analysed quantitatively by micro- 
methods resembling those described by Benedetti- 
Pichler? consisted of lubricant, carbonaceous matter, 
and solids derived from the boiler water. Small quantities 
of solid collecting in restricted spaces are frequently the 
direct cause of breakdowns, but their origin is not always 
obvious. For example, an automatic train control unit 
failed because of a scale formed of lubricant and copper 
oxide, the latter arising from a copper pipe not properly 
cleaned out, while another blockage was proved to be 
due to a pellet consisting mainly of emery left after the 
grinding of a joint—in both these instances the materia! 
available was insufficient to permit the use of macro- 
analyses. 

5 Stock, METALLURGIA (Microchemistry Section), 155, Jan. 1944. 
6 R. Wood and G. H. Wyatt. J.S.C.1., 1943, 62, 110-111; G. H. Wya 


lnalyst, 19 67, 260-1. 


A. Benedetti-Pichler. ‘ Introduction to the Mierotechnique of Inor 
Ana‘ysis ew York, 1942. 
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Examination of Greases 

ln the event of a failure the quantity of a lubricant 
available for examination is often severely restricted, 
and it has been necessary to devise micro-methods for 
such investigations. A viscosimeter has been evolved® 
for use with small 
volumes of oil and has 
proved entirely satis- 
factory, but the oil 
should previously have 
been filtered to remove 
particles which would 
otherwise choke the 
fine capillary’ which is 
required. Again, in 
connection with fail- 
ures, it has been neces- 
sary to examine small 
quantities of grease for 
the presence of water. 
A. W. Fairgrieve and 
F. M. Lidstone (un- 
published results) have 
found that distillation 
with an immiscible sol- 
vent can be applied on 
the micro-scale if a 
result of moderate 
accuracy is all that is 
required. The usual 
Dean and Stark appar- 
atus was modified as 
shown in the figure. 
The solvent and sample 
are placed in the flask A and the distillate collected in 
the tube B, which is drawn off to a narrow bore at the 
hottom, where it is connected by 1ubber tubing to a 
calibrated capillary tube C. The water is collected into 
a single drop by causing mercury in the portion CB of 
the apparatus to act as a piston by raising and lowering 


Condenser 

















A modification of the 
Dean and Stark apparatus. 


The Estimation of Zinc © 


D" HIZONE, the use of which as a reagent was 
described in our last issue, may, for some estima- 
tions, be replaced by the similar compound, di-f- 


naphthylthiocarbazone. It is claimed that this sub- 
stitution may be made in the estimation of zine with 
some advantage.! The compound forms a large range 
of metallic complexes, in the same way as the simple 
and more usual reagent. Asa consequence, Suprunovich? 
suggested its use, and found that it was more sensitive. 
Cholak and his co-workers have found that the new 
reagent gives more efficient extraction of zinc, par- 
ticularly in the pH range 8-3 to 10-5, at the same time 
cutting out certain of the interferences to be expected 
with dithizone. 

After the zine has been extracted it may be estimated 
either colorimetrically or polarographically. If the 
quantity is very small, the sensitivity of the di-f- 
hnapht|vithiocarbazone suggests that preference be given 


, D. M. Hubbard, and R, E. Burkey. Ind. Eng. Chem., Anal. Ed., 
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the tube C. The volume of the water is obtained by 
adjusting the upper and lower menisci of the water to 
a reference mark at B, the positions of the mercury 
meniscus in C being noted. For small percentages of 
water in greases, the water must be evolved by warming 
and then be absorbed in the usual manner for weighing, 
but difficulty may be experienced owing to the presence 
of other volatile constituents. 

The application of microanalysis to the examination 
of commercial products in order to ascertain their 
classification for charging purposes (see first paragraph) 
has been successful on a number of occasions, but this 
is a subject which cannot be published owing to the 
fact that other concerns have a proprietary interest in 
the materials. 


Rubber Analysis 

Finally, it was found necessary to analyse small 
quantities of rubber insulant from electrical conductors. 
In spite of the fact that the macro-methods are arbitrary 
in character, it was found possible® to devise corre- 
sponding micro-methods which yield comparable results. 
As in the macro procedure, the rubber content is cal- 
culated from a formula embodying data obtained from 
the determinations of other constituents. 


It is hoped that the above account of a number of 
various microchemicai analyses in connection with 
railway problems will serve as an encouragement for 
others to apply the techniques to their own requirements, 
and so further the interests of a branch of chemistry 
which is becoming of increasing importance in industry. 
(A number of general reviews has appeared in the 
literature from time to time®.) 

I have to thank the officers of the London, Midland 
and Scottish Railway Company for permission to publish 
this paper. 

8 F. M, Lidstone, 
9 G. H. Wyatt. 


10 See e.g., G. H. Wyatt, 
further references are given, 


J.8.C.1., 1935, 54, 189-190T. 
Analyst, 1941, 66, 362-370. 
Chemistry and Industry, 1942, 61, 132-4, where 


to the colorimetric method. Qn the other hand, with 
larger amounts the polarographic determination is 
recommended, particularly if in the presence of lead, 
bismuth and cadmium, where it may be desirable to 
estimate these metals also. 


A Microburner Adjustment 


N a recent investigation of melting points,' which 
required particularly fine adjustment of the size of 

flame of the microburner used for heating the melting- 
point bath, it was found that normai methods of altering 
the size of flame were not nearly delicate enough. A simple 
device was constructed to achieve the desired end, and 
it might be applied with success to any experiment 
where such a fine adjustment is required. 

An ordinary screw clip was soldered to a brass plate 
which enabled it to be screwed to a wooden block for 
stability. Then to the milled head of the screw clip was 
soldered a long brass arm—several inches long. By using 


3 Holmes, J. Chem, Education, 20, 239. 
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this long arm to turn the screw of the clip. very minute 
changes in pressure could be applied to the rubber 
tubing leading to the burner, and enabled rates of 
heating of 1° in several minutes to be maintained 
satisfactorily. 


Small-Scale Filtration 


HEN small quantities of liquids are involved in 
filtration or extraction with the aid of suction, 
using the normal apparatus, there is an appreciable 
risk of contamination from the stopper or rubber gasket 
holds the filter. This risk is increased when 


which 
because of their 


volatile or hot solvents are used, 
tendency to distil with decreased pressure. 

A wethod has been described! of overcoming this for 
conical porcelain filter funnels of small size. The mouth 
of the receiving vessel is ** shaped "’ in a flame, and the 
porcelain funnel is ground into place with an abrasive, 
resulting in the joint shown in Fig. 1 (a). It is claimed 
that no lubricant’ is required to provide a sufficiently 
air-tight seal for filtering purposes. 
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Filter, with Ground Joint. 


This method can be readily adapted for use with 
semi-micro sintered glass filter-tubes of the familiar 
Jena 12G3 and 12G4 type, which are now being pro- 
duced by British manufacturers. It has been found 
that with a receiving tube of the usual kind (a small 
thick-walled test-tube supplied with a side arm for 
suction) the preliminary shaping, as demanded by the 
method of Howkins, is unnecessary. The flange at the 
mouth of the receiver is generally of such a thickness 
that considerable grinding may be done without 
appreciably weakening it, and the glass of the filter-tube 
just below the sintered pad is sufficiently robust to enable 
a good joint to be made. 

A thick-walled receiving tube is chosen of which the 
internal diameter is just smaller than the barrel of the 
filter-tube. Grinding is carried out by hand, using 
coarse carborundum powder moistened with water, and 
finishing with fine carborundum powder. Care must be 
taken to keep the filter-tube and receiver aligned during 
grinding, or a loosely fitting joint will result. The band 
of ground glass should be ke pt below the top surface of 
the sintered pad, as it is frequently necessary to examine 
a residue on the pad through a lens or low-power micro- 


1 A. G, Howkir Chem, and Ind., 1945, 62, 29 
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With a receiver of the right dimensions, no 
difficulty should be found in making a joint, which, 


scope. 


is effective without 


although not completely air-tight, 
The ground-in 


using a lubricant, for normal suction. 
filter-tube is shown in Fig. 1 (6) 

The method is not easily applicable to a filter crucible 
of the * 10” shape, as the absence of a stem allows the 
filtrate to creep into the ground joint. Given a crucible 
with a marked taper, however , it is possible to obviate 
this by making the joint some distance above the 
sintered pad. 

The disadvantage in the individual grinding of the 
filter-tubes is, of course, that a particular filter can only 
be used with its own receiver. The development of 
interchangeable ground class joints has, however, reached 
such a stage that we may hope that these extremely 
useful filters will be available, at least after the war, 
with standard joints. 


A Multi-Purpose Pipette 
PRINCIPLE which is much used in micro pipettes 
and burettes has been applied to the pipetting of 

dangerous and corrosive liquids.* While enabling liquids 
to be drawn up safely into the pipette, it also retains the 
sensitivity associated with micro pipettes, so that any 
volume of liquid from 25 mls. to less than one-hundredth 
of a ml. can be delivered accurately. 

In effect, a metal cylinder A (Fig. 2) fitted with a 
metal screw plunger B is con- 
nected through a bulb and 
capillary tube C= -to the 
pipette, which is attached by 
means of the rubber stopper 
D. The bulb and the 
cylinder contain about 30 mls. 
of glycerine, which acts 
both as a lubricant for the 
plunger and as an air-seal. 
. The cylinder, whose internal 
capacity is about 25 mls., is 
cemented to the bulb. 



























Fig. 2.—Con- 
struction of 
Plunger 
Pipette. 


By retracting the plunger the pipette is filled to the 
mark, and then large or small volumes of liquid may be 
expelled at will. The two sizes of nut on the plunger 
permit of slow or rapid expulsion. 

The apparatus was devised in the first place for 
sampling from each of two liquid phases, and at the same 
time avoiding unnecessary mixing during the process o 
sampling. It would seem that it might also serve a useful 
function in removal of supernatant liquids from pre- 
cipitates after centrifugation, without disturbing the 
This is often necessary in both micro am 


precipitates. 
semi-micro qualitative analysis. 


» W. Gi. Schneider, Jad. Eng, Chem, Anal. Ed., 1943, 15, 764. 
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Characteristics of Electric Apparatus 
Used on Electro-Tinning Lines 


By C. 


LECTRIC 
electro-tinning line can be classi- 

fied in three groups :- 
1. The equipment required to drive 
the various rolls and handling 


apparatus used on an 


apparatus. 

2. The low-voltage, high-current 
units that supply the electro- 
lytic current for the deposition 
of the tin on the steel strip. 

3. That which supplies power to 
heat the strip and tin coating 
to the melting point of tin for 
brightening. 


PLATING ZONE 


UNCOILERS PINCH 
ROLL 


E. Stoltz and W. G. Cook 


order to maintain definite loops in the 
looping pits, and proper tension in the 
pickling, cleaning, plating and rinse 
tanks, through the brightening zones 
and on the coilers. The steel to be 
plated enters in the form of coils from 
1 to 2 miles long, from 24 in. to 36 in. 
wide, and from 0-006 in. to 0-012 in. 
Depending upon the design of 
line, 


tin- 


thick. 
the electrolytic 
of strip is 
thread the line. 
in present-day 
300 to 1,000 ft. 


from 4 to } mile 
required to completely 
The speed of the strip, 
from 


practice, varies 


min. 


RE-FLOW ZONE 
PRECISION 
TENSION 
UNIT 


INDUCTOR 
HEATING 


TIN ANODE coi 


strip. There are several installations 
where a multiple of loops is provided, 
both in front of the electrolytic tank 
followmg it. This 
makes it possible to weld the coil ends 


and immediately 
and remove the coils from the winding 
reels without changing the speed of the 
strip through the plating tanks. The 
electric equipment used to drive the 
must be 
line 


however, 
type of 


various rolls, 


equipped so that this 

can be brought down to a low speed 

as occasion require. 
The the 


and the winding reels must continually 


may 


motors driving uncoilers 


change their speed to accommodate 
changing diameter of the coils, and the 
motors driving the rolls adjoining the 
capable of having their 
the length 


loops must be 
speed changed to provide 


SHEARING ZONE 
FLYING SHEAR 


PULL 
UNIT 





Or CLASSIFIER a 


PILER 


NO. 2 
ORAG 
UNIT REELS UNCOILER 
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Fig. 1.—Electrolytic tinning line. 
There of loop desired at any particular time. 
plating equipment, but, in general, the 
elec 
A representative arrangement is shown 
in Fig. 1. 
rolls 


In order to make the process con- 
tinuous, coil ends are welded together 
at the front of the line. With a design 
such as shown in Fig. 1, the speed of 
the strip must be reduced to 100 or be 
ind reels must be kept in close 200 ft. (30 to 60 m./min.) during 
other in_ the weld is made, as the 
— storage loop in front of the electrolytic 
oes has but 80 ft. (24 m.) of 


1943, Preprint 84-26. 


are various arrangements of 


Those driving the rolls operate at a 
constant speed unless the line is being 


but they must 


ical problems are much the same. 
accelerated or retarded, 
of adjustment to accom- 


Motors driving uncoilers, capable 


min. modate change in diameter of rolls. 


spee'| relationship to each period the For various reasons adjustable speed 


aes direct-current motors are used, and as 


held in relatively 


Fr i paper presented at the . 
the El: ctrochemical Society, Oct., line usually they must be close 
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speed relationship to each other, they 
are designed with substantially flat 
speed regulation so that they hold 
thei speeds regardk ss of any change 
in load, 

Since’ this close speed relationship 
must be retained when the line is 
slowed down for welding coil ends, or 
possibly removing a coil ffom a 
winding reel, it is customary to use 
variable voltage control and provide a 
single generator to supply all of the 


With = this 
threading 


motors, arrangement, 


retardation to speed or 
acecleration to normal speed is accom- 
plished by changing the field current 
of this generator, which, in turn, 
decreases or increases the bus voltage 
from which all the motors are supplied. 

On the line as shown in Fig. 1, all 
of the equipment is normally operated 
us a unit, but there are occasions when 


the apparatus to and including the 


winding reels will be operated as one 
unit, and the flying shear and classifier 
equipment as another, For this reason 
two vencorators have been supplied, one 


When 


the line is operated as a complete unit, 


for cach of these two sections. 


the two generators are controlled 
together, but when the two parts are 
operated separately, the generators 
are controlled imdependently of each 
other, 

It will be noted that in the control 


gy. | there iw shown 


circuit of F 
what is termed an LR drop booster in 
series with each of the driving motors 
used on this line. These are direct- 
current generators, cach of which ts tn 
series with the armature of its corre- 
sponding line motor. The field of each 
booster is shunted with, and excited 
from, the interpole winding of its main 
motor. If this main motor is carrying 
no load, there will be no drop through 
its Interpole winding, and there will be 
no voltage generated tm the booster, 
However, Uf load is put on the maim 
motor, there will be a corresponding 
increase in drop across its interpole 
field and a similar increase in voltage 


These 


designed to raise the 


generated by the booster. 
boosters are 
voltage applicd to the driving motor 
mn proportion to the armature circuit 
IR drop. This offsets the IR drop 
which gives the poor speed regulation 
at the reduced voltage, and with the 
addition of these boosters it is possible 
to obtain substantially the same flat 
speed regulation at low voltage as at 
full voltage. 

By using these boosters the line can 
be retarded and accelerated without 
any tendency to change the tension on 


the strip passing through the line or 
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While 
it is important to hold the tension to 


the length of any of the loops. 


clove values throughout the line and 
also the length of the loops, this is not 
the case with the motors used to drive 
the classifier tables where the sheared 
lengths of strip are sorted. For this 
reason there is one booster for all of the 
motors driving the classifier rolls. 
This holds these motors within relative- 
ly close range, but not as exact as 
where individual boosters are applied, 


When the end of a coil is approached, 
the operator near the welder slows the 
entire line down to approximately 
100 ft./min. (30 m/min.), and at the 
proper moment brings the pinch rol! 
following the welder to a_ standstill. 
As soon as the weld is completed, the 
pinch-roll contactor is closed. The 
photoelectric control increases the 
speed of the pinch roll until the loop is 
fully restored. The other loops shown 


this line are similarly controlled. 


Predetermined tension is maintained 
at three places in the line, as shown in 
Fig. 1. The first is between the 
uncoilers and the first pineh roll, The 
second is through the electrolytic tanks, 
between No. | drag unit and the pre- 
cision tension unit. The third is 
through the inductor heating coil 
between No. 2 drag unit and the reels 
when used, or the pull unit when the 
strip is passed on through the shear 
and Classifier. To maintain a_pre- 
determined tension through the plating 
tank, the motor driving the precision 
tension unit is operated without any 
regulating equipment, its speed depend- 
ng upon its characteristics as operated 
across the bus supplied by the variable 
voltage generator. The motor on the 
No. | drag unit is provided with a 
regulator that is adjusted to cause the 
motor to act as a generator, feeding a 
given amount of current into the 


common generator bus. 


Ahead of the flying shear there is 
usually installed a flying micrometer 
gauge to check the thiekness, and a 
pinhole detector to register any holes, 
The sheets are similarly classified by 
the flying micrometer. The strip 


passes between two rollers, one of 


which mechanically displaces a mag- 
netic armature in an alternating 
current bridge, modifying the voltage 
balance of the circuit. It is set to have 
zero current flow in its circuit when 
the sheet is the proper thickness, the 
current increasing when the sheet is 
either under- or over-gauge. The 
operator can set his control to operate 
the gate at some predetermined value 


of under- or over-gauge. 
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Current for Electrodeposition 
A distinct classification for electr 
apparatus is that supplying the electro- 
lytic current for the deposition of t] 
tin. Alternating current is transformed 
either in motor-generator sets or in 
cuprous-oxide units to high currer 
low-voltage director current. It is 
customary to furnish apparatus to 
develop from 6 to 12 volts. 

When the anodes are new, a mini- 
mum voltage is required ; but as they 
corrode, the voltage must be increased 
to maintain the same current The 
anodes are not reduced uniformly so 
that at any given time the line usually 
has a number of new anodes and the 
remainder in various degrees of reduc- 
tion to a point where they are finally 
replaced. For this reason it is practice 
to supply individual generators, or 
cuprous-oxide units, separately con- 
trolled to each anode circuit. 

The voltage is adjusted on the 
individual units either by a rheostat 
in the field of the generator, or by 
varying the excitation on saturable 
core reactors generously used with 
Once these 
values are set, control is provided to 


cuprous-oxide units. 
vary the current of all the generators, 
or cuprous-oxide units, as the speed of 
the line is changed. On the majority 
of lines recently installed, rectifier 
units, mounted in suitable cubicles, 
have been installed. 

Ahead of the saturable core reactors 
is a three-pole contactor which is con- 
trolled from the desk, 
making it possible to disconnect any 
rectox unit from the line without inter- 
fering with the operation of the other 
units. Ahead of the contactor is a 
three-pole circuit breaker that  pro- 
vides overload protection. 


operator's 


Electrical Equipment for 
Brightening 

In the early development of the 
process of producing electrolytic tin- 
plate the brightening operation was 
separate ; in modern commercial prac- 
tice the equipment for this operation 
immediately follows the electrolytic 
process. With this arrangement it 1s 
necessary to vary the power input te 
the brightening equipment to accom- 
modate changes in gauge, as well as 
changes in speed of the line. Since 
these lines are accelerated from thread- 
ing speed to full speed in 15 sees., and 
also due to the fact that the coil ends 
are often heavy in gauge, it is neces- 
sary to select a method of heating that 
permits quick and accurate power 
adjustment. Otherwise there will be 
occasions when some of the tin is not 
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flowed, and others when it will be 
overheated and oxidised. 

Two electrical methods meet these 
requirements. One is what is termed 
heating, and the other 
induction. Conduction heating is 
accomplished by passing the strip over 
conductor rolls which are used to pass 
current from the rolls into the strip. 
The amount of current used is adjusted 
so that the I?R loss is sufficient to 
raise the temperature to the melting 
point of tin just before it reaches the 
quench tank. The method 
consists of an arrangement where the 
strip is passed through an inductor 
coil that is used to generate sufficient 
secondary current in the strip to 
bring the tin up to its melting point 
before it leaves the heating coil. 

An arrangement of conduction heat- 


conduction 


second 


ing is shown where the strip is passed 


over conductor rolls connected to a 
° 
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transformer of suitable capacity and 
secondary voltage. At the time this 
project became active, experience had 
been obtained in heating steel strip by 
conduction, but the heating of tin- 
plate by either conduction or induc- 
tion, was new. The question 
whether the temperature could be held 
uniform and close to the melting point 
of tin, so as to flow all the tin, but not 
overheat and oxidise any part of it. 
While it is difficult to measure the 
temperature of tinplate directly, an 
easy solution, particularly with induc- 
tion heating, was obtained by holding 
the flow-line at a given position in the 
inductor by means of photo- 
electric tubes. The dull grey matte 
surface before flowing diffuses light, 
while the brightened tinplate, after 
flowing, reflects light as a beam. This 
has proved a very satisfactory method 
of controlling the temperature. 


was 


coil 


Magnetic Testing of Piston Rings 
By M. N. Michev and B. V. Popov 


N a Russian works engaged in the 

manufacture of piston rings for 
tractor Diesels, existing 
methods were found to be unreliable 
with regard to the detection of such 
defects faulty treatment, large 
graphite flakes, excess ferrite formation 
and porosity. Furthermore, it was 
considered that with the sampling of 
one piece for metallographic examina- 
tion out of every one thousand pieces 
made, there would still be a strong 
likelihood that a number of faulty 
pieces would pass unnoticed with the 
batch of which the representative 
sample had been found satisfactory. 
Vice versa, it may happen that an 


inspection 


as 


entire batch is rejected because the 


°o 4O 8° a0 160 200 240 


Fig. 1.—Magnetisation curves of cast 
iron piston rings having different 


microstructures. 


Max. 
Induction 


Residual 


Coercive | Induction Per- 
Force He Br 


(Ocersted). 


Micre- 
structure. 
(Gauss). | H= 1,500 
(Gauss), 

9,740 


Normal . 5,240 


1,420 8,700 


Faulty heat- 
treatment. 
Large graphite 
flakes, 

Entirely 
Ferritic. 
Porous 


16-5 3,975 8,000 126 


5,990 10,640 600 


4,260 8,100 140 


sample piece selected at random proves 


below standard, while actually the 
inspected piece was the only faulty 
one. Taking into account also that the 
microstructure of piston 
frequently by no means uniform over 
the developed length of the piece, the 


rings is 


4100 


Max, 


for meabilit y 
M Max, 
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difficulty. of obtaining reliable super- 
vision by  at-random sinspection 
becomes more than ever self-evident. 

There is no doubt that accuracy and 
reliability of inspection are greatly 
enhanced by the taking of as large a 
number of samples per batch as is 
feasible. However, usual metallurgical 
inspection methods suffer from the 
disadvantage that they take consider- 
able time to perform. To enable 
inspection of each piece, a quickly 
performed non-destructive test must 
therefore be used. In this respect the 
magnetic test excels all other methods, 
provided that it can be made 
sufficiently sensitive for the purpose 
intended. 

For this reason, the development of 
a magnetic testing device for piston 
rings had to be preceded by a study 
of the magnetic characteristics both of 
normal and sub-standard material, 
The results of this investigation are 
charted in Fig. 1, which shows the 
different flux density curves obtained 
for normal as well as for faulty rings 
with the ballistic method; while 
Fig. 2 shows the corresponding 


(H ARB) 
Max, 
(Oersted). 


4 Br 
(Gauss), 


(B) 
Rockwell 
Hardness 


H (4B) 
mM Max. Max, 
(Oersted).| (Gauss), 


0 . 96-99 


—1,100 100-102 


1,600 95-84 
+-4,800 12 79-80 
24 —1,400 70 80-83 

hysteresis-loops. Finally, the respec- 
tive magnetic permeability curves are 
charted in Fig. 3. On the basis of these 
findings, the difference in magnetic 
flux density 4a B obtaining between 
normal and faulty rings is established 
given in the subjoined table. 
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Fig. 2.—Hysteresis curves. 
Kry, 1. Excessively ferritic. 
2. Normal structure. 


3. Faulty heat-treatment. 
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Fig. 3.—Permeability curves. 


KEY, 4. Porous casting. 
5, Large graphite flakes, 
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Referring to the latter, it will be found 
that faulty heat-treatment, excessive 
graphite, and porosity are clearly 
reflected by the magnetic properties. 

The data found for a ring with excess 
ferrite formation that this 
fault does not lend itself to successful 


magnetic detection. In order to investi- 


showed 


gate this point further, a number of 


tests at very low magnetic field 
intensity were made, but it was found 
that rings with excess ferrite formation 
show sufficient deviation in 
magnetic properties from normal to 
permit the use of the magnetic method 
as a criterion. 


do not 
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Fig. 4.—Diagrammatic outline of 
piston ring fault detector. 





The general design features of the 
for the 
rapid testing of piston rings are shown 
In order to enable 


magnetic device developed 
in outline in Fig. 4. 
rapid and sufticiently accurate testing, 
a symmetrical double-yoke design is 
used in which the magnetic properties 
of the ring are compared to those of a 
standard ring. In its central air gap, 
the 
movable galvonometer coil (1), the dial 


instrument is equipped with a 
of the galvonometer having its zero 
The other four 
poles of the system are equipped with 


point in the middle, 


removable pole tips of soft iron which 
are ground to shape in order to ensure 
contact with the 
tested. At its 
narrowest point, the air gap amounts 
to 3em., which defines the length of 


Intimate Magnetic 


piston rings to be 


piston ring portion tested at a time. 
The electric of the 
given in Fig, 5. The magnetising coils 


circuit device is 
consist of 600 turns each, and are so 
connected that the polarity shown in 
Fig. 4 obtains, In order to ensure full 
symmetry of the 
adjustable air gaps 


magnetic circuit, 


(not shown in 
Fig. 4) are provided, which are so set 
that the galvonometer pointer remains 
in the zero position with a current of 
70-100 mA. through 
movable coil system. 

If the two branches of the magnetic 
circuit are closed by the emplacement 


flowing the 
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of two piston rings, the pointer of the 
galvonometer will be deflected in one 
or the other direction in accordance 
with the different magnetic properties 
of the two rings. This angle of deflec- 
tion is used as a measure of the relative 
quality of the tested piston ring as 
compared to the standard ring. Thus, 
if the micro-structures are substantially 
identical, the instrument will not 
register any deviation of the galvano- 
meter pointer from zero. However, if 
large graphite flakes are present in the 
ring under test, if it possesses porosities, 
or if it is of greater hardness, the 
pointer will be deflected to one side 
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Electric circuit of fault 
detector. 


Fig. 5. 
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from zero. If the entire ring is ferr ‘ic, 
the pointer will be deflected in the 
opposite direction. But, as was men. 
tioned before, the instrument will fai] 
in giving reliable indication of the 
presence of localised excess ferrit« 
The optimum intensity of the mag. 
netising current is chosen on the basis 
of the diagram given in Fig. 1, and 
adjusted by means of the rheostat R, 
the current intensity being indicated by 
the ammeter A. The flow of current 
through the galvanometer coil | js 
adjusted at 79-90 mA by means of the 
rheostat R,. The required supply of 
direct current is provided by a copper- 
oxide rectifier operated from a 220/6 
volt a.c. transformer. Testing of a 
piston ring is carried out in 6 sees. 
time. As was already 
intimate contact between ring and pole 
pieces is safeguarded by grinding the 


mentioned, 


Jatter to proper contour. It was, how- 
ever, found by test that even with an 
air gap of 1 mm. between ring and pole 
piece, the pointer of the galvanometer 
deviates by no more than one dial 
point from the correct value. 


From Bulletin de V Academie des Sciences de U USSR, 
1943, No. 3/4, p. 58. 


Electrodeposition of Nickel-Tungsten and 
Iron-Tungsten Alloys 


By M. L. Holt and M. L. Neilsen 


ITHERTO the utilisation of 

tungsten in electro-plating baths 
has been primarily concerned with the 
production of either pure tungsten or a 
high-tungsten deposit. In a_ recent 
paper, however, the authors describe 
their work on the modification of 
familiar plating baths, so as to produce 
on electrolysis alloys which contain 
relatively small amounts of 
tungsten. These workers found 
that nickel-tungsten alloys could be 
deposited from the Watt type of 
nickel-plating bath modified by the 
introduction of small percentages of 
sodium tungstate. The composition 
of the resulting alloy and the current 
efficiency at various cathode current 
densities, bath pH’s and bath tempera- 
tures were investigated, and it was 
found that some cathode deposits had 


« mly 
two 


a non-metallic appearance whilst others 
showed no adherence to the nickel 
being plated. Nevertheless, under 
certain determined conditions, highly 


satisfactory deposits which had a 


From Trans, Electrochemical Soc., vol. 82, pp. 192- 
203, 


metallic appearance and which were 
smooth, adherent and readily buffed 
to a high polish, were produced. These 
metallic platings contained tungsten in 
amounts varying from 5 to 10%, but 
they were produced only when the 
temperature, pH value and current 
density in the bath were carefully 
controlled. 

By a somewhat similar 
experiments, M. L. Holt and R. E. 
Black found that iron-tungsten alloys 
could be deposited on electrolysis from 
an iron plating bath of ferrous 
ammonium sulphate which was modi- 
fied by the presence of comparatively 
low percentages of sodium tungstate. 
It was found that the tungsten content 
of the resulting deposited alloy in- 
creased with increased tungsten con- 
tent of the bath, with 
cathode current density, with increased 
bath temperature, and with decreased 
pH value of the bath In these baths 
the best deposit was produced when 
the bath contained 1 to 2 gms per litre 
of added tungsten. 


series of 


decreased 
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The Manufacture of Steel Cartridge Cases 
By H. R. Turner 


ARTRIDGE cases have always 
been made from brass, which is a 
material that has well-known pro- 
perties as to workability and that has 
optimum characteristics for the task 
it has to perform. In the development 
of the steel cartridge case, it was early 
concluded that the rather obvious path 
to follow, so far as possible, was that 
developed in the production of brass 
cartridge cases. Steel, however, is a 
material that does not readily respond 
to the same treatments as brass, and 
this gave rise to some difficult pro- 
blems. Following much discouraging 
work, it was discovered that the bend- 
ing process in crushing a thick heading 
of brass into the head of a cartridge 
case absolutely destroyed a_ similar 
piece for a steel cartridge case. Several 
processes were developed to eliminate 
this source of difficulty. 

A cup of steel was finally designed 
of such shape and contour that when 
finished without the brute force 
method applied to brass, would pro- 
duce the required shape in the head 
of the case. It was found that the 
design of the cups must be such as to 
include enough thickness in the base 
section to provide an annular ring 
about the base section and to supply 
the material for the extractor flanges 
and the then tapered side walls which 
ultimately become the walls of the 
cartridge case. All things being equal 
as to design of tools, the metallurgy 
of the material, and the nature of the 
process, it has been found that it makes 
no difference whatever, which process 
is used in the making of the cups. The 
important things are that the metal- 
lurgy of the steel is correct, that the 
physical shape is correct, and that the 
process controls the flow of the 
materials so that the pattern developed 
is inherently sound. 

\s to the dises for drawing, it is 
highly important that they be made 
of tungsten carbide rather than of 
stecl, as the former is more suitable 
and their life entirely satisfactory. 
Lubrication is important, but almost 
any lubricant is suitable. As to design 
both of punches and dies, the design 
for the steel cases is practically identical 
with that used for brass cases, and the 
driwing is essentially the same, but 


th: tonnage pressures required are 
somewhat higher. Cutting tools used 


e rm to the same differentials that 


n Metals and Alloys, 1943, vol. 18, No. 4 
pe. 71-777. 


are required ‘on all operations when 
comparing the two materials brass and 
steel. Cutting speeds and feeds are 
somewhat slower for steel, and cutter 
grinding is different, but the same 
fundamental principles apply. 

After many experiments, it was 
decided to use in the manufacture of 
the cartridge cases a modification of 
steel S.A.E. 1025, containing 0-22 to 
0-32°, carbon, 0-45 to 0-75% man- 
ganese, and 0-10% silicon, 0-040% 
phosphorus, and 0- 045% sulphur maxi- 
mum. This steel must be made 
extraordinarily clean. In treatment to 
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produce a 20 mm, steel cartridge case 
five drawings on mechanical presses 
are necessary, interspersed with three 
annealings at 900° C. between certain 
draws. In the production of 37 mm. 
and 40mm. cases, annealing between 
each draw is necessary, due to the 
more severe work-hardening effect, 
but in general the procedure in the 
various steps in the manufacture of 
the 20 mm. steel cartridge case may be 
regarded as typical of other sizes. 
After the cases have passed final 
inspection, they are dipped in a 
phenolic varnish solution, and baked 
for about 20mins. in an oven at 
175°C. in order to protect them 
against corrosion. 


Notch Sensitivity of Alloyed Cast Irons 
Subjected to Repeated and Static Loads 
By W. L. Collins and J. O. Smith 


HE widespread development and 

use of a great variety of cast irons, 
many of them designed for special 
uses requiring high strength, such as 
cast crankshafts, or for heat-, corrosion- 
or wear-resistance, give rise to the 
question as to how sensitive these 
irons are to the effect of notches when 
subjected to repeated or to static loads. 
To provide data to answer this 
question, four cast irons were investi- 
gated for their sensitivity to the effects 
of mechanical and corrosion notches 
under repeated and static loads at room 
temperature. Repeated load tests 
were made for completely reversed 
cycles of stress due to bending, 
torsional and axial loads respectively, 
and both unnotched and _ notched 
specimens were used for each of the 
three types of loading. The notch in 
the bending and torsional specimens 
consisted of a small transverse hole, 
and in the axial specimens the notch 
was a circumferential V-groove. In 
bending and torsion each type of 
specimen was also tested under a 
stream of fresh tap water whose pH 
value was about 7:3. Static load tests 
of unnotched and notched specimens 
were also made in tension, compression 
and torsion respectively. The notch in 





From Proceedings Amer. Soc. Testing Materiais, 
194°, vol, 42, pp. 639 656, 


the static load test specimens consisted 
of a circumferential V-groove. 

The four cast irons tested were a 
slightly alloyed ordinary grey iron A, 
a high-strength nickel-molybdenum 
iron B, a slightly alloyed nickel- 
chromium-copper cast iron C, and a 
high nickel-chromium-copper iron D 
of the austenitic type. The composition 
of the irons are given in Table I. 
Iron A was a casting 56in. xX 3in. Xx 
3in. cast with the 56in. dimensions 
vertical. Iron B was in the form of 
transverse test-bars 1-+2in. diameter 
and 20-5 in. long, and irons C and D 
were in the form of vertically cast 
plates l}in. thick, 26in. long and 
22 in. and 16 in. high respectively. All 
castings for irons A, C and D were 
poured from one ladle. 

The same kind and sizes of test 
specimens were used in the testing of 
all the cast irons except in the case of 
bending fatigue specimens, where short 
specimens were used and where the 
quantity of material available was 
limited. For the repeated loads in 
bending and torsion, all unnotched 
specimens had a minimum diameter of 
0-350 in., the notched specimens had 
a diameter of 0-400 in., and the notch 
consisted of a small transverse hole 
whose diameter was 0-10 the diameter 
of the specimen. For repeated axial 


TABLE I,—COMPOSITION OF CAST IRONS, a 





Material. TC. Si. Mn. Ss 
A 3-32 1-75 0-51 0-138 
BR 3-11 2-23 0-66 0-104 
Cc 2-84 2-10 1-05 0-124 
0-065 


D 2-63 1-96 | 1-23 





Pp. Ni. Cr, Me. Cu. 
0-48 0-04 0-01 _— 0-05 
0-10 | 1-49 | 0-09 | 0-79 0-18 
0-07 0-20 3 *d 
0-16 14-90 2-09 6-94 
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loads the minimum diameter was 
0-200 in., the size being governed by 
the capacity of the testing machines 
and the notch was a circumferential 
60° V-groove having a depth of 
(0: 025 in. and a radius at the root of the 
notch of 0-Ol in. In all the static load 
tests, whether tension, compression or 
torsion, the normal diameter at the 
root of the notch was the same as the 
normal diameter of the unnotched 
specimens and was always approxi- 
mately equal to 0-500in. The notch 
in all the static load tests specimens 
consisted of a circumferential 60 
V-groove 0-05 in. deep and having a 
radius of O-O1 in, 

The endurance limits and stress 
concentration factors for completely 
reversed cycles of stress are given in 
Table Il. 


stress required to determine endurance 


The number of cycles of 


limits for both unnotched and notched 


specimens under a stream of fresh tap 


TABLE Li, 


ENDURANCE LIMITS AND STRESS CONCENTRATION 
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iron A, 2-31 for iron B, 1-07 for iron 
C, and 1-85 for iron D. The value for 
Ke also increased with the static 
tensile strength of each iron except in 
the case of iron C. The stress con- 
centration factors for corrosion fatigue 
of notehed specimens Ke were within 

10°,, of the values of Ke found for 


"TABLE IIL 


STATI 
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notch had practically no effect on ‘he 
static tensile strength, although the 
stress-concentration factor (ratio of 
tensile strength of unnotched spvci- 
mens to the tensile strength of the 


notched specimens) did — inerease 
slightly as the tensile strength of ihe 


iron increased, the average value 


LOAD DATA, 


Stress Concentration Factor, 


Pension 


Strength 
Pons per 
Sq. In. 


Strength, 
Pons per 
Sq. In. 


Unnotehed RG 
Notched 9-5 


Unnoteche 


Ms FOR COMPLI 


REVERSED CYCLES OF STRESS 


Bending. 


Endurance Stress 


Limit, Concentra Limit 
rons pet o ron 


Unnotehed 
Notcbed 


water was usually from 30 to 100 
million cycles, whereas 10 to 20 million 
eycles were usually sufficient for 
similar specimens tested in air. The 
average values of the stress concentra- 
tion factor K (ratio of the endurance 
limit for unnotched polished specimens 
tested in air to the endurance limit of 


notched specimens tested in ai) for 


repeated bending, torsional and axial 


loads respectively, were 1+19 for iron 
A, 1:36 for iron B, 1-23 for iron C, 
and 1-44 for iron D. The value of K 
increased with the static tensile 
strength of each iron with the excep- 
tion of iron C, which had a relatively 
low notch sensitivity for an iron of its 
tensile strength. 

The average values of the stress 
concentration factor Ke (ratio of the 
endurance lim t for specimens tested 
in air, either netched or unnotched, to 
the endurance limit for similar speci- 
mens tested under a stream of fresh 
bending, 


tap water) for repeated 


torsional and axial loads were 1-28 for 


Knduranee 


lorsion, 


Stress ' Stress Pen- ile 
Concentra oncentra- Strength 
tion tion Tons per 
or, , . Factor, Sq. In, 


unnotched polished specimens. 

The ratio of endurance limits for 
unnotched polished specimens tested 
in air to static tensile strengths for all 
irons and for all the loads used could 
be considered to be O+4, and in only 
three cases were differences from 0-4 
greater than 10°,,. The ratio of the 
endurance limit for unnotched polished 
specimens mn torsion to the endurance 
limit of similar types of specimens in 
bending, all tests being in air, varied 
from 1-22 for iron A to 0-85 for iron C, 
the average value for all irons being 
about 1-0. The ratio for unnotched 
polished specimens subjected to axial 
loads to endurance limit for similar 
types of specimens in bending, all tests 
being in air, varied from 0-59 for iron 
D to 0-94 for iron B, the average value 
for all irons being about 0-8. 

The static load data for the various 
irons are given in Table III. In those 
tests the notch used caused the fracture 
m the torsion test to change from 
tension to shear. The presence of the 


Compression, 


Ratio 
Compressive 
Strength to 

Fensile 

Strength. 


Torsion, 


Strength 


Factor, lon: per 


=q. In. 
14-i 
17-5 
36-1 
39-5 


28-0 


being unity. There was no relation 
between the stress-concentration factor 
in compression (ratio of the com- 
pression strength of unnotched speci- 


mens to the compression strength of 


notched specimens), and the ultimate 
compressive strength. The unit load 
supported by the notched specimens 
was greatly influenced by the ductility 
of the material permitting the notch 
to close and thus increasing the 
effective cross-sectional area. 

The stress-concentration factor in 
torsion (ratio of the modulus of rupture 
of unnotched specimens to the modulus 
of rupture of notched specimens) 
increased from 0-81 to 0-95 as the 
modulus of rupture increased. There 
was no consistent relationship between 
ultimate strengths in compression and 
tension for unnotched specimens, and 
the values of their ratios varied from 
3-04 for iron C to 5-75 for iron D. 
The modulus of rupture in torsion of 
unnotched specimens was very nearly 
1-5 times the static strength of un- 
notched specimens, the values varying 
from 1-36 for iron C to 1-64 for iron A. 

In general, it was found that for 
repeated bending, torsional and axial 
loading respectively, ordinary grey 
cast iron, plain or alloyed, was rela- 
tively insensitive to the effects of a 
notch, but that, as the static tensile 
strength of the irons increased, the 
notch sensitivity to repeated loading 
increased, This. tendency was less 
pronounced in the innoculated iron 
than in the other irons tested. The 
four cast irons investigated were also 
found to be insensitive to the effects 
of a notch under static tensile, com- 
pressive, and torsional loads respec- 


tively. 
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Rupture Tests on Some Copper-Alloys 


By E. R. Parker 


HE of the 


was to determine the behaviour 


object investigation 


of some alloys under 
stress at elevated temperatures. Creep 
testing of the type dealt 
common for materials, but 
relatively little has been done in the 
non-ferrous field. Since such alloys 
are also used at elevated temperatures, 


copper-base 


with is 


ferrous 


it is evident that many designs should 
be based on creep data rather than on 
short-time fensile tests. The 
carried out was concerned with copper- 
base alloys, which are of particular 
the industry 
because of their low electrical resist- 


work 


interest to electrical 
ance. 

The following commercial materials 
were investigated: tough-pitch cop- 
per; manganese-copper, 0-19, man- 
ganese ; cadmium-copper, 0-62, 0-04 
and 0-058°, cadmium; chromium- 
silicon-copper, 0- 9°, chromium, 0: 09% 


silicon; phosphor-bronze, 5% tin, 
0-01°, phosphorus ; cobalt-beryllium- 
0-458%, beryl- 


and beryllium-copper, 0-225° 


copper, 2-59°,, cobalt : 
lium ; 225% 
beryllium. The tough-pitch copper 
the chromium- 


silicon-copper, cobalt-beryllium-copper 


was annealed and 
and the beryllium-copper heat-treated 
200°C. The 
beryllium alloys were also tested at 
350°C. 


importance to 


before testing at two 
It was considered of greater 
have comparative 


results on several materials rather 
than tests of long duration on one or 
the tests 
carried beyond 700° C, 

The 
creep furnace, and the materials were 
wires of various diameters, 0-(40 in. 


two alloys, so were not 


testing was done in a vertical 


to 0-116 in., with the exception of the 
Ininganese-copper which was in strip 
form, 0-25in. xX The wire 
Was suspended through the fuinace, 
and the load was applied through a 
simple lever. 


0-05 in. 


The temperature was 
automatically controlled within + 1°C., 
and was uniform over a 4-in. length. 
The 
recorded by a time-clock, which was 
automatically tripped off when the 
roke. From the results obtained, 


time until failure of the wire was 


wir 
logarit hmie creep curves were plotted 
and micrographs were made of short- 
time d long-time fractures. 

The strength of tough-pitch copper 
drops off rapidly with time, and the 
strei at 1,000 hours is only half 


Metals, 


nsictions of 
pp. 699 


American 


74, 


Soctety Je 


and C. Ferguson 


that of the short-time strength, and it 
is considered that the falling off in 
strength is probably due to the life- 
effect of intercrystalline 
oxidation, as the change in slope of 
the with the 
occurrence of intergranular oxidation 
and cracking of the copper. Copper 
containing a small amount of man- 


shortening 


curve is coincident 


ganese, while not appreciably stronger 
than tough-pitch copper in the short- 
time tensile test, will sustain over 50°, 
more load for a 1,000-hour life. Also 
the ductility of this alloy at fracture is 
not materially reduced by prolonged 
stressing at 300° C. 
not 


Copper-cadmium, 
likewise, is much better than 
tough-pitch copper in the short-time 
test, but the 1,000-hour strength is 
160°, greater, 

The chromium-silicon-copper alloy 
and after 
heat-treatment at 1,000° C., and ageing 
at 450° C. 
strengths of this alloy are high, and 
the material possesses good ductility 
the long-time tests. The 
phosphor-bronze is very strong in the 
short-time tests, but after 60 hours 


was tested as cold-drawn 


Both short- and long-time 


even in 


the slope of the creep curve changes 
and the strength drops off rapidly. 
As this material not oxidise 
badly, and no evidence was found that 
oxidation caused the change in the 


does 


slope of the curve, it was considered 
that the strength is 
perhaps the result of softening, pro- 
duced by 
stress at 


decrease in 


prolonged under 
200° C. Phosphor-bronze 
loses much of its strength and ductility 
in the long-time tests. 
Cobalt-beryllium-copper breaks with 


heating 


a transcrystalline fracture in the short- 
time test at 200° C., but the long-time 
fracture shows some intercrystalline 
cracking. At 350° C. even the short- 
time test shows intercrystalline crack- 
ing, and the slope of the creep curve 
at this temperature is steep, showing 
that at some temperatures the short- 
time strength is no indication of the 
The short-time 
fractures of the copper-beryllium alloy 
are transcrystalline at both 200° and 


long-time strength. 


350° C., but the higher temperature 
fracture 
intercrystalline failure. The long-time 
fracture at 200°C. 
inter-crystalline 


shows some indication of 
shows some 
cracking, the 
350° C. fracture is decidedly inter- 
crystalline. In the 350°C. test the 
ductility increases as the failure-time 


also 
and 
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increases as the result of over-ageing, 
which occurs at this temperature. 
Over-ageing also increases the slope of 
the creep curve. 

In general, at 200° C., cold-worked 
precipitation-hardened copper alloys 
are much stronger both in short- and 
than tough - pitch 


‘ 


long - time tests 


copper. 


Location of Flaws by 
Double-Exposure 
Radiography 


HE exact position of flaws in 

metal parts is usually determined 
by two radiographs at right angles, 
but, in 
impossible. In 


this is 
such may 
be made of stereoscopic radiography 
in which two exposures corresponding 
to two positions of the X-ray tube 
about a foot apart, are made ona single 
film instead of on separate films as 
formerly used. An account of this 
technique has recently been given by 
James Rigbey.* With this method, it 
is possible to make a direct measure- 
ment of the distance between two 
images of a defect and from this the 
vertical position of a flaw can be 
deduced mathematically, rather than 
by visual estimation in a stereoscopic 
viewing stand. From experiments with 
cast aluminium and steel blocks up to 
2in. in thickness, it was found that 
the reduced sensitivity and definition 
is not prohibitive where a sensitivity 
of 2° in aluminium and 4% in steel 
is adequate. The accuracy is of the 
order of + 3% with regular holes, but 
larger errors are to be anticipated with 


some specimens, 


cases, use 


more irregular flaws. 
Trans, Am, Soc, for Metals, 31, No. 3, 599-612, 
1943, 


Removal of Dissolved 
Silica from Alkali- 
Carbonate Brines 


A STUDY of the removal of silica 
from alkaline brines was made in 
bonjunction with a process that has 
ceen developed for extracting potas- 
sium carbonate from wyomingite rock. 
To remove the silica a combination of 
physical and chemical means has been 
employed. The chemical method 
involves the use of a basic. magnesium 
carbonate, hydromagnesite. The 
mechanism of chemical desilication 
has investigated, keeping in 
mind that either compound formation 
or adsorption or a combination of both 


been 





is possible. Compound formation is 
ruled out because of the inconstancy 
of the MgO : SiO, mole ratio. Adsorp- 
tion, on the other hand, is indicated 
as the correct mechanism by calcula- 
tions of the data in the form of the 
Freundlich adsorption equation. 

A logarithmic plot of the Freundlich 
adsorption isotherms gives a series of 
straight lines whose slopes are constant. 
The intercepts of these lines are pro- 
portional to the Na,CO,: K,CO, molar 


METALLURGIA 


concentration of the solutions from 
which the SiO, was adsorbed. Thus 
there is a relation between the Freund- 
lich coefficient and the carbonate 
concentration of the solutions. A 
final equation is established showing 
the desilicating efficiency of basic 
magnesium carbonate as a function of 
the concentrations of SiO, and alkali 


carbonates in solution. 


From Chemical and Metallurgical Engineering, 


November, 1943, 


Tool Life Tests 


By O. W. Boston 


HE proposed standards refer ot 

single-point cutting tools otherthan 
those of cemented carbide. Carbide 
tools fail or wear differently from those 
of steel and cast non-ferrous alloys, 
and a separate procedure for rating 
them is being developed. 

The single-point tools considered are 
either of the solid or tipped type. 

Tool life tests naturally depend on 
the material cut and the cutting fluid 
employed. 

For a given material and fluid, the 
merit of the tool depends on the 
following factors : 

(a) Tool-life/cutting speed 
relationship. 

(6) Surface quality produced. 

(c) Form of chip. 

(d) Power required. 


These four factors should be deter- 
mined under actual cutting conditions 
(light, medium or heavy cuts), and can, 
used to evaluate the 
In 


in their turn, be 
machinability of a given material. 
this connection it should be pointed 
out that the rating obtained will, in 
general, depend on the shape and 
material of the tool employed. Simi- 
larly, a change in the nature of the 
cutting fluid, or differences in structure 
of the material may affect the 
machinability order produced by a 
The type of machine tool 
employed, its condition, the 
method of tool and work support are 
Tests on tool life 


cut, 


given teol, 
and 


also of importance. 
or machinability are thus meaningless, 
unless a relatively 
factors are clearly specified and con- 


trolled. 


Of special importance is the shape of 


the tool point, and all the pertinent 


Fro 
vy. 29/Dec, 3, York. Abstract by 


of Aircraft Productior. 


1943, New 


courtesy of R.T.P.5, Ministry 


large number of 


m paper presented at A.S.M.E, Annual Meeting, 


tool angles should be specified. An 
example of a convenient code for this 
purpose is the following, 8, 22, 6, 6, 6, 
15, 4, which signifies: 8° back rake, 
22° side rake, 6° end relief, 6° side relief, 
6° end cutting edge angles, 15° side 
cutting edge angles, 3, -in. nose radius. 
The formula connecting cutting 
speed and too life between grindings 
for a given tool, material, feed and 

depth of cut is given by 

VT = C, 
when V = cutting speed in ft./min. 
T = tool life in minutes. 
C = constant. 

cutting speed for a tool 
life of 1 min. 
Plotting log T against log V thus 
gives a straight line, and this facilitates 
the representation of experimental 
results. The two tool-life characteristics 
n and ¢ are given, respectively, by the 
slope of their line and its intercept with 
the V 
For high-speed tool steels, m may 
vary between 0-08 and 0-16, C from 
40 to 200/minute depending on 
material being machined and depth of 


axis. 


cut, 

It is interesting to note that two 
steels of the same Brinell hardness may 
give the same values for C and nm for 
light cuts, yet differ appreciably when 
compared under heavy cut conditions 
(both dry cuts). 

Thus, in one particular case (material 
forged die steels of identical Brinell 
hardness 363 machined with the same 
high-speed tool steel) 
speed 


(life at a cutting of 


11-5 mins. for steel A 


i 
60 ft./min.) - 
and 25 mins. for steel B for a depth of 
cut of 0O-lin.; whilst T,,, 10 mins. 


for both steels for a depth of cut of 


0-0125in., the feed being 0-0125 in 


both cases. 
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New High Vacuum in an 
Industrial Plant Attained 


"THE dolomite ferro-silicon 
for the reduction of 
magnesium is reported to represent the 
first large industrial application of 
high vacuum. Unlike electrolytic pro- 
cesses, this process involves the direct 
thermal reduction of dolomitic | me- 
stone under low pressure. The 
tremely large volumes _ of 
encountered with this process on a 
plant scale have made many improve- 
high-vacuum technique 


proc oss 
meta llie 


exX- 


Zas 


ments in 
necessary. 

Diffusion pumps of 
capacity and unique operating charac- 
teristics, equipment previously _re- 
served for the laboratory, have now 
been developed. Many of the vacuum 


tremendous 


problems previously considered so 
difficult in this magnesium-reduction 
process have been eliminated through 
the use of these new industrial-type 
pumps, capable of operating against 
high fore-pressures. Pressures as low 
as 0-001 to 0-025 mm. are now being 
attained throughout entire plants. 
Pump-down cycles have been sub- 
stantially decreased, thus increasing 
the quantity and quality of the 
resulting magnesium metal. 


From Mining and Metallurgy, August, 1943, 


Separation of Sulphate and 
Chloride from Alkali- 
Carbonate Brines 


HE problem of removing sulphate 

and chloride from alkali- 
carbonate brines has been encountered 
in connection with a process for the 
production of potassium carbonate 
and sodium carbonate from wyomin- 
gite and trona. Main constituents of 
the brine obtained in the process are 
the carbonates, but minor amounts of 


sulphate are introduced by _ the 
wyomingite and minor amounts of 
chloride by the trona. Removal of 


the products to prevent contamination 
has been solved by applying the 
methods of phase-rule chemistry. 
Sulphate-removal process involves 4 
combination of evaporation and cat- 


bonation, and essentially all of the 


sulphate is obtained in the form of 
potassium sulphate of commercial 
purity. The greater part of the sodium 
carbonate is produced as the mono 


hydrate and the remainder as the 


bicarbonate. Chloride is separated by 
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fractional crystallisation of K,CO,3/ 
2H,0 followed by recrystallisation of 
the impure fraction with the pro- 
duction of pure potassium chloride. 
The procedures are applicable to brines 
of widely varying composition whose 
chief components are the alkali car- 
bonates. 


Chemical and Metallurgical Engineering, 
ber, 1943. 


From 
Noven 


Inverse Segregation in 
Alloys 


HILST examining a group of 
50-50 copper-iron alloys, it was 
found by M. L. Samuels, A. R. Elsea, 
and K. Grube* that certain parts of 
the ingots, notably those beneath the 
hot top, contained as little as 40% 
copper. Normally, the parts nearest 
the mould surface, which freezes 
first, contam the greatest amounts ‘of 
the higher melting constituent, whilst 
the upper central portion, the last to 
solidify, is the highest in the lower 
melting constituent. Further chemical 
work revealed the presence of an 
outside skin of almost pure copper 
(92°,) which was visible to the eye. 
This phenomenon of inverse segre- 
gation has been the subject of a large 
number of hypotheses, but with the 
exception of that of Bauer and Arndt 
on the interdendritie flow theory, none 
seems adequate or comprehensible. 
A’50-50 copper-iron alloy has a 
very wide range of solidification, and, 
in addition, freezes two distinct 
structural constituents, iron dendrites 
containing copper forming at 2,625° F. 
(1,440° C.) and the copper-rich phase 
solidifying at about 2,000° F. 
(1,095° C.). It is thought, therefore, 
that the copper-rich skin originated 
by inter-dendritic flow during the 
“mushy” stage. By re-heating into 
the mushy stage, it was found 
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possible to displace the low-melting 
phase with other metals which are not 
miscible with iron in the molten state, 
such, for example, as silver or lead. 

Other alloys with wide ranges 
of freezing temperatures and _ the 
property of solidifying into two dis- 
tinct constituents were also investi- 
gated, alloys of silver-nickel, silver- 
cobalt, beryllium-magnesium, 
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aluminium-lead, iron-magnesium, and 
copper-lead being made. From this 
work the general conclusion was 
reached that interdendritic flow 
undoubtedly the cause of inverse 
segregation, and this phenomenon 
opens up the possibility of a new 
method of making certain alloys being 
developed. 


is 


© Trans. Am. Soc, Metals, 31(2), 459-486, 1943. _ 


Iron Alloy Scaling 
By M. J. Day and G. V. Smith 


N investigation was carried out 

to obtain reliable information on 
the sealing of iron alloys over a pro- 
tracted period, and to determine from 
comparable measurements of scaling of 
a series of related iron alloys at various 
temperatures how far it is possible to 
predict scaling behaviour from com- 
position. Accordingly, scaling tests 
lasting 1,000 hours were carried out on 
duplicate specimens of alloys of irons 
at five temperatures—595°, 720°, 760°, 
815° and 925°C. All the alloys were 
not examined at each temperature. 
The experimental procedure adopted 
was to maintain the specimen at 
constant temperature in an appropri- 
ate electric furnace, and to weigh it 
at suitable intervals without with- 
drawing it from the furnace. 

An apparatus was designed suitable 
for continual weight-gain measure- 
ments of the scaling by air oxidation 
of a large number of specimens 
simultaneously furnaced. This appara- 
tus consisted essentially of an annular 
muffle which could be uniformly heated 
electrically to 1,100°C., a rotating 
member for carrying the specimens, 
and an analytical balance for weighing 
the specimens. The furnace was large 
enough to accommodate 39 specimens 
simultaneously, and so designed that 


the gain in weight of any specimen 
could be determined individually with- 
out removing it from the uniform 
temperature zone of the furnace. Test 
specimens were forged to a convenient 
size for machining a flat specimen 
23in. X lin. X }in. The forged 
specimens were furnace-cooled from 
900° C., and the machined specimens 
had their corners and edges rounded 
and were finished by polishing with a 
00 emery-paper. 

In carrying out the tests the 
furnace was first adjusted at the 
desired temperature, then the weighed 
specimens with their assemblies placed 
on the rotating member, which was set 
in motion. At appropriate intervals 
rotation was stopped and each speci- 
men assembly weighed, and the gain in 
weight recorded. The mean gain in 
weight, expressed in milligrams per 
Square centimetre surface area of 
specimen, determined for an 
exposure of 1 day, 1 week (168 hours), 
and 6 weeks (1,000 hours). At the end 
of the run one of each pair of specimens 
was allowed to cool, the scale was 
removed by pickling in an inhibited 
acid bath, and the specimen was 
re-weighed. This served as a check on 
the general reliability of the measure- 
ments, but did not compare in 


was 
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Gain in Weight—Milligrams per Square Centimetre of Surface. 
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weight after pickling at end of 6 weeks’ exposure, 
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precision with the measured gain in 


weight of the specimens while still. in 
the furnace. A check was also made 
to ensure that no scale dropped off the 
specimen during the test, both by use 
of the duplicate specimens and by the 
weight 


regularity of the curve of 


against time. 

Thirty-six different iron alloys were 
tested, 
with decreasing proportions of chrom- 


ranging from stainless steels, 


ium and other elements, to plain 


carbon steels, Six carbon steels, 0-03 
to 1-0% 


number of preliminary determinations 


, carbon, were also used in a 
to test the apparatus, procedure and 


reproducibility of results, and to 


ascertain in how far the observed 
progress of scaling is influenced by the 
mode of finishing the specimens and by 
carbon content. The results obtained 
indicated that scaling progressed some - 
faster the higher the carbon 
that the 
carbon is in itself not great enough to 
affect 


between the 36 alloys in the main 


what 
content, but 


appreciably the comparisons 


series. Tests carried out on polished, 
pickled and milled specimens, and on 
specimens milled and dipped in a 
dichromate solution, also showed that 
polishing with 00 ¢ mery-paper y ielded 
The 


results obtained on some of the steels 


the most reproducible result. 
are given in Table I. 

The curve of gain in weight against 
time is smooth, with a few exceptions 
at the 


SOT 


higher temperatures, where 


specimens show occasional 


relatively rapid changes in rate for 
which there is no obvious explanation. 
The progress of oxidation at constant 
temperatures of a pure metal on which 
the scale is continuous and coherent, 
commonly follows a simple parabolic 
low, namely, the thickness of the scale 
is proportional to the square root of 
the elapsed time. The presence of one 


or two alloying elements, however, 


complicates the situation, especially if 


energy of formation of the 


the free 
oxide of the alloying element differs 
greatly from that of the oxide of the 
base metal, as is the case with chrom. 
aluminium in 


lim or siheon or com- 


parison with iron. Consequently, 


although the observed curves of the 
various alloys are parabolic in form, 
they do not always fan out regularly 
some of them 


from the origin, but 


cross, As regards temperature its 


effect os pronounce ad, since the progress 
of the form: tion of a continuous seale 
by oxidation is largely a matter of 


diffusion rate, and since diffusivity 


increases exponentially with t mpera- 


influence of 


METALLURGIA 


ture, scaling rate may be expected to 
increase likewise. 

In the range of compositions in- 
cluded in this investigation, the alloy- 
ing element with the most pronounced 
oxidation resistance is 
chromium. For 
chromium is less effective than silicon, 


influence on 
small percentages 


which, however, cannot be used in 


larger percentages because of its 
adverse effect on mechanical properties. 
combination 


Chromium alone, or in 


with molybdenum or silicon, con- 


tributes to increased resistance at 
595° C., but at 720°C. 
than 3 to 4%, appear to lessen the 
resistance, although larger percentages 
are again beneficial. At 815° C. it is 
although the alloy with 
chromium was better than that 


amounts less 


beneficial, 
()- 5° 
with 2°, or with 3-5° 


Oo 


Large amounts 
effective, the 
only 


0° 
of chromium are very 


27% sealing 
slightly in six weeks at 925° C. 


The results from the alloys contain- 


chromium-alloy 


ing both chromium and molybdenum 
regularity with 
Molyb- 
chromium, 


show no. obvious 


variations in composition. 


denum alone, or with 


contributes to scaling resistance at 
595° C., but at both 720° and 815° C. 
amounts to less than 3 to 4%, seem to 
exert an adverse effect, although 5% 
is again beneficial. Silicon was present 
only in-a few of the alloys, and only 
up to 1:5%. It has a beneficial effect 
at temperatures up to 760°C. In 
some of the steels the 
deteriorated at 925° C., showing that 


resistance 


the effect of silicon is not permanent, 
presumably because of some change in 
the oxide layer, as oxidation of these 
steels continued to progress selectively. 
The 
titanium, or columbium, in the alloys 


influence of a small 
tested is apparently not consistent. 
The of 18:8 
proved by either titanium or colum- 
bium, and to about the same extent. 


resistance steel is im- 


Nickel was present to the amount of 


10°, in three of the steels, but the data 
obtained for there alloys are insufficient 
to decide as to the influence of nickel 
on the rate of oxidation in air at high 
temperatures. 

In general, the investigation shows 
it is not safe to predict the resistance 
of sealing over a long period from 
observations extending over only 24 
week, nor at one 


hours, or even a 


temperature from observations at 
another. The metal contributing most 
to sealing resistance, especially at the 
highest temperatures, is chromium 
when present in appreciable quantity ; 


® greater amount being required the 


amount of 


Marcu, 1944 


equal 
effect ive 


higher the temperature. At 
concentration the most 
element is probably silicon, but the 
gain from its use is in practice limited 
by its deleterious effect upon the work. 
ing and mechanical properties of iron 
alloys. 


From Industrial and Engineering Chemistry, 1943, 
vol, 35, pp. 1,096-1,103, 


Effect of Solute ‘Elementi 
on Copper 


by R. M. Brick, D. L. Martin, 
and R. P. Angier 

LTHOUGH it is known em- 

pirically that a solute element 
increases the hardness and strength of 
an annealed metal and also increases 
the minimum temperature at which 
softening will begin when the alloy is 
in the cold-worked condition, little 
work has hitherto been carried out to 
determine a rational basis for the pre- 
diction of the behaviour of new alloys 
or the kind and amount of solute 
needed to produce a given hardness or 
softening temperature. 

Recently, however, the results are 
described of investigations into the 
solution-hardening, | work-hardening 
characteristics and the softening tem- 
peratures and rolling textures of ten 
pure, binary alpha solid solutions of 
controlled grain size 
solute concen- 


under 
at various 


copper 
conditions 
trations. 
The increase in 
addition of a second element to copper 
was found to be a linear function for 
increasing solute concentration for 
small additions. The different harden- 
ing effects of the various elements was 
found to depend chiefly on the differ- 
ence in atomic volume of solute and 
solvent or, relatedly, upon the para- 
meter change of the solvent or the 
extent of solid solubility. The relation- 
ship between the solution hardening 
and the work-hardening characteristics 
was found to be a linear function, and 
solution 
work- 


hardness on the 


elements which are good 


hardeners are alo good 
hardeners. 

On the cold-rolling textures, the 
solute element effects conformed to & 
simple pattern, but the re crystallised 
textures were less uniform, and it was 
found that the most effective solution 
or strain-hardening elements, such as 
As, Sb, Sn and Mg, had the most com- 
plicated annealing textures, equivalent 
to a less pronounced degree of pre 
ferred orientation. 
oe Am, Soc, Metals, Trans,, $1, No. 3, 675-081, 














